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N-heterocyclic carbenes (NHCs) have provided significant improvements in the field of 
transition metal homogenous catalysis. Additionally, in the field of synthetic inorganic 
chemistry, chelating NHC-based ligands have aided in the observation and isolation of metal 
complexes featuring higher oxidation states metal centers (M  = Mn, Fe, Co), as well as support 
for complexes featuring metal-ligand multiple bonds. 
Anionic carbon-based ligands provided a ligand field suitable to stabilize high-valent NiIV 
oxidation states. Interested in employing a carbon-based ligand that enforced pincer coordination 
and featured an anionic carbon-metal linkage and strongly donating NHCs to access metal-based 
multielectron reactivity, the use of the DIPPCCC (DIPPCCC = bis(diisopropylphenyl-benzimidazol-
2-ylidene)phenyl) ligand platform was explored.  
Chapter 2 describes the installation of nickel onto the DIPPCCC ligand platform. This was 
achieved via C–H activation by NiII or via oxidative addition by Ni0 to form a NiII-hydride. 
(DIPPCCC)NiCl was accessed in great yields in one step by reacting the ligand precursor 
[H3(DIPPCCC)]Cl2, NiCl2py4, and LiN(SiMe3)2. Treatment of (DIPPCCC)NiCl with alkyllithium 
reagents generated Ni-alkyl complexes. The series of nickel compounds was characterized by 
NMR spectroscopy, X-ray crystallography, and electronic absorption spectroscopy. 
Motivated by our goal of accessing a high-valent nickel center and promoting metal-
centered multielectron reactivity with the aid of the strongly-donating ligand platform, we 
explored the oxidation chemistry of these nickel complexes. Chapter 3 describes the oxidation of 
(DIPPCCC)NiX (X = Cl, Br) complexes with halogen surrogates, as well as elemental bromine, 
resulting in the isolation of a family of NiIV complexes. Crystallographic characterization 
 iii 
revealed no significant changes in the bond metrics of the ligand scaffold compared to the NiII 
complexes, discounting the possibility of a ligand-centered radical and confirming a formal +4 
oxidation state of the Ni center. 
Initial exploration into the catalytic activity of (DIPPCCC)NiCl demonstrated its 
competency toward the cross-coupling of aryl halides with LiN(SiMe3)2. Interested in having 
access to a platform to compare reactivity differences of the analogous palladium compound in 
this reaction and other catalytic transformations, we set out to synthesize the palladium complex, 
(DIPPCCC)PdCl. Chapter 4 describes the preparation and oxidation chemistry of the palladium 
complexes featuring the DIPPCCC ligand scaffold. Under the studied conditions, (DIPPCCC)PdCl 
was not nearly as effective for the described C–N bond forming transformation.  
Over the course of this study, we discovered that simple nickel salts, such as NiX2 (X = 
Cl, Br) and (PPh3)2NiX2 (X = Cl, Br), catalyzed the coupling reaction without the use of 
privileged ligands. Chapter 5 the development of a method employing (PPh3)2NiCl2 for the 
amination of (hetero)aryl bromides with LiN(SiMe3)2. Our protocol showcased a large functional 
group tolerance and required low loading of the Ni source. During the course of this study, the 
involvement of NiI was probed, and under the reaction conditions it could be the catalyst 
responsible for the transformation; however, the participation of NiII during the catalytic 
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1.1 N-Heterocyclic Carbenes Ligands in Homogeneous Catalysis 
Phosphine-ligated complexes have been common supports in catalytic transformations1 
and have been used on first-row transition metals to aid in two-electron chemistry.2–6 With the 
advent of N-heterocyclic carbene (NHC)-based ligand systems, chemists have explored replacing 
phosphines on catalysts of interest in favor of more oxidatively robust frameworks.1,7,8
 
Second- 
and third-row transition metal complexes with pincer carbene ligands have been extensively 
explored and found to be catalytically competent in a variety of homogeneous catalysis such as 
hydroamination and hydrosilylation.9,10 Specifically, the fields of Ru-catalyzed olefin 
metathesis,11,12 Ir-catalyzed hydrogenation,13,14 and Pd-catalyzed cross-coupling15,16 have 
benefited from the enhanced electronic properties of the NHC upon incorporation onto the 
transition metal.  
As the exploration into base metal catalysis proceeds, the need for ligand architectures 
capable of supporting these transformations becomes more pronounced. As strong σ-donors and 
soft ligands, NHCs form stronger bonds with late transition metals, rendering these ligands 
electron-rich.1 Chirik recently illustrated this effect as improved catalytic performance was 
observed when the more electron-donating NHC-pincer ligand RCNC (CNC = 2,6-bis(1-
alkyl/aryl)imidazol-2-ylidene)pyridine) was employed.17,18 These neutral, tridentate, pincer 
RCNC ligands (Figure 1.1) are commonly used to support first-row transition metals in a variety 
of transformations.18 The ease of transmetalation from MX3 or MX2 (M = Ti, V, Cr, Fe, Co, or 
 2 
Ni; X = Cl, Br, or OAc) starting materials to the neutral RCNC ligand scaffolds has resulted in a 
significant number of first-row transition metal complexes capable of both stoichiometric and 
catalytic reactivity.19-22 However, base metal complexes ligated to the monoanionic RCCC 
(Figure 1.1) had not been reported at the time we started our investigations. 
 
Figure 1.1 Common pincer bis(carbene) ligands 
Moreover, nickel NHC complexes have received attention as catalysts for Suzuki cross- 
coupling,21,23,24 C−C and C−F activation,25 olefin polymerization,26,27 aryl Grignard cross-
coupling,28 Heck reactions,29 Michael additions,30 Ullman coupling,31 and the coupling of 
alkenes and aldehydes.32 
1.2 Accessing Higher-Valent First-Row Transition Metal Complexes with Carbon-based 
Ligands 
In recent years, the use of chelating ligands featuring NHCs has allowed for the isolation 
and/or detection of metal complexes that feature a high-valent metal center as well as metal-






























of their interesting electronic structure, but also because of their relevance to the field of small 
molecule activation. Smith and coworkers reported the isolation of a cobalt(III)−imido33, 
iron(IV)−,34 and iron(V)−nitride35 species supported by the tris(carbene)borate ligand scaffold. 
Utilizing the N-anchored tris(carbene) ligand tris[2-(3-aryl-imidazol-2-ylidene)ethyl]amine, 
Meyer and coworkrs reported the isolation of Fe(IV)−nitride,36 as well as Mn−nitride species in 
the Mn(II), Mn(IV), and Mn(V) oxidation states.37 Selected examples of these complexes are 
shown in Figure 1.2.   
  
    
Figure 1.2 Examples of high-valent first-row transition metal complexes supported by NHCs 
chelating ligands 
 
These tripodal chelating NHC-based ligands provided an appropriate ligand field to 
stabilize base metals in higher oxidation states (Figure 1.2). The tris(carbene)borate ligand 
platform generally enforces a tetrahedral coordination around the metal center, while the tris[2-
(3-aryl-imidazol-2-ylidene)ethyl]amine platform provides flexibility between trigonal 































































Figure 1.3 Examples of Ni(IV) complexes featuring anionic C-based ligands 
 
In terms of nickel, however, reports of high-valent species are relatively scarce. Reports 
of Ni(IV) complexes featured anionic carbon based ligands, such as the Ni(IV) tetraalkyl 
complex isolated by Streigerwald  and coworkers38 and the bromotris(1-norbornyl)nickel(IV) 
complex isolated by Dimitrov and coworkers,39 both with a tetrahedral coordination environment 
around the nickel center (Figure 1.3).  With our interest in the possibility of imparting 
multielectron reactivity at the nickel center and accessing high-valent nickel species, we turned 
our interest to the use of electron rich pincer bis(carbene) carbene ligand to explore such 
reactivity (as opposed to the geometries imposed by ligands in Figure 1.2). 
1.3 Pincer Bis(carbene) CCC Ligand Platform 
Inspired by the success of carbon-based anionic ligands in supporting a high-valent nickel 
metal center, and interested in exploring metal centered redox-events, we chose to employ the 
DIPPCCC (DIPPCCC = bis(diisopropylphenyl-benzimidazol-2-ylidene)phenyl) ligand platform, 
first reported by Chianese and coworkers.40 The choice of CCC over CNC type pincer platforms 
arose from the previous reports of pincer ligands featuring a pyridine backbone to be redox-
active. Redox-active ligands can function as a reservoir of electron accessible to perform 







Figure 1.4 DIPPCCC ligand platform 
Moreover, the anionic Caryl linkage would impose a stronger field on the metal center, as 
opposed to the neutral Npy donor (Figure 1.4). In order to avoid the formation of abnormal 
carbenes, we chose benzimidazole over imidazole. Finally, the diisopropylphenyl pendant group 
in the DIPPCCC ligand platform provides steric bulk around the metal center, enhances the 
solubility of metal complexes, while the isopropyl groups offer a useful NMR handle for 
characterization. 
Herein, we report the synthesis and characterization of a library nickel(II) complexes 
ligated to the DIPPCCC ligand platform. In addition, the ability of the metal center to engage in 
multielectron oxidation to form high-valent nickel(IV) complexes is assessed. Palladium 
complexes ligated to the DIPPCCC ligand platform are also presented to serve as a second-row 
transition metal analog to the nickel system. A survey of their oxidation chemistry was 
performed with the goal of exploring the possible divergent reactivity for these compounds. 
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Synthesis and Characterization of Nickel(II) Pincer CCC Bis(carbene) Complexes† 
 
2.1 Introduction 
While a significant number of first-row transition metal pincer RCNC complexes are 
known, the monoanionic ligand variant, RCCC (CCC = 2,6-bis(1-alkyl/aryl)imidazol-2- 
ylidene)phenyl) (Figure 2.1), featuring a base metal had not been achieved at the time we began 
our studies. The direct metalation from the imidazolium salt of the ligand by a metal center is 
concurrent with the cleavage of three C−H bonds: two NHC C−H bonds and an aryl C−H bond. 
 
 
Figure 2.1 Common pincer bis(carbene) ligands 
 
The synthesis of these CCC pincer complexes may require two different and often 






























electrophile for the activation of the aryl C−H bond. This Lewis acid/Lewis base incompatibility 
has hampered the direct development and general preparation of CCC pincer complexes.1 
Successful metalation of RCCC ligand platforms has been accomplished using transition 
metal complexes featuring internal bases such as Zr(NMe2)4.1 Addition of the benzimidazolium 
ligand precursor [H3(RCCC)]I2 to Zr(NMe2)4 resulted in the preparation of (RCCC)Zr(NMe2)2I 
complexes reported by Hollis and co-workers.1 This synthetic pathway has also been employed 
for the synthesis of titanium and hafnium complexes.2,3 The synthesis of osmium,4 iridium,5-7 and 
platinum,8 as well as the transmetalation from zirconium to rhodium,1,5,9 has been reported, thus 
illustrating a creative synthetic repertoire for accessing metal species of the CCC ligand 
platform. Alternatively, Braunstein6 and Chianese5 have separately described the formation of 
iridium complexes directly from the imidazolium salts of the ligand. Refluxing an Ir(I) precursor 
and NEt3 resulted in the formation of an octahedral iridium species. These reaction types are base 
dependent, as Cs2CO3 did not result in aryl C−H bond cleavage and instead yielded dinuclear 
iridium complexes of which the central aryl C−H bond was intact.10  
Inspired by the interest to place a base metal in an electron-rich oxidatively robust ligand 
environment, a CCC-pincer ligand architecture was sought. However, the only example of a 
tridentate monoanionic pincer carbene complex featuring a late first-row transition metal that had 
been published at the time was the one-electron-reduced cobalt(II) species (DIPPCNC)CoN2 
(DIPPCNC = bis(diisopropylphenylimidazol-2-ylidene)pyridine).11 Otherwise before this report, 
base metals featuring tridentate monoanionic pincer carbenes had not been isolated. One 
potential reason for the lack of these complexes is the difficulty in cleaving the central aryl C−H 
bond. 
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This	 chapter	 describes	 the	 general	 synthesis	 and	 characterization	 of	 a	 family	 of	
nickel	 complexes	 featuring	 the	 rigid	 CCC-pincer	 bis(carbene)	 ligand	 DIPPCCC	 (DIPPCCC	 =	
bis(diisopropylphenylbenzimidazol-2-ylidene)phenyl).	 
2.2	Preparation	of	Free	Carbene	H(DIPPCCC)	
With an interest in examining the synthesis of first-row transition metal complexes 
bearing the sterically encumbered DIPPCCC ligand platform, the metalation of the ligand was 
probed via a variety of synthetic approaches.  Synthesis of the ligand precursor, 
[H3(DIPPCCC)]Cl2 was accomplished following a modified literature precedent set forth by 
Chianese and coworkers.5 Despite extensive efforts, initial observations of the reactivity of the 
benzimidazolium salt with a series of NiX2 starting materials (X = Cl, OTf, OAc) and base led to 
a myriad of products all lacking the signature doublets of the iPr methyls of the 
diisopropylphenyl pendant group on the ligand platform.  
Discouraged by these results, attempts to metalate the pincer ligand through alternative 
routes were investigated. Recent work by Liang and coworkers discusses the synthesis of an 
electronically similar pincer meta-phenylene-bridged, diphosphino ligand platform, 2,6-
C6H3(CH2PR2)2 (R = tBu, Cy, iPr) (PCP), through a procedure modified from Kemp and 
Goldberg.12 It was postulated that due to the chemical similarities of the PCP ligand framework 
to the free carbene form of the desired ligand platform, generation of the free carbene prior to 
addition to the metal center could be advantageous in our synthetic quest. 
Isolation of the free carbene ligand H(DIPPCCC) was accomplished by the addition of 2.1 
equivalents of KCH2Ph to a frozen slurry of the benzimidazolium salt in benzene (Scheme 2.1).  
To aid in solubility, following addition of the base, THF was added, resulting in an immediate 
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dissipation of the signature orange color of benzylpotassium. After the appropriate workup, the 
deprotonated ligand platform was isolated as a yellow-white solid in good yield (62%). 
 
 
Scheme 2.1 Generation of free carbene H(DIPPCCC) 
 
 
Figure 2.2 1H NMR spectrum of H(DIPPCCC) (C6D6, 25 ºC) 
 
  The pincer bis(carbene) ligand H(DIPPCCC) was characterized by 1H (Figure 2) and 13C 
NMR (Figure 2.10) spectroscopies, revealing the expected number of resonances consistent with 
formation of the desired product. In the case of the 13C NMR spectrum, a new resonance located 
at 231.27 ppm is noted and assigned as the newly generated NHC-carbene carbon. Most notably, 
the downfield proton signal located at 12.45 ppm in the 1H NMR of the starting material is no 






















2.3 Synthesis of (DIPPCCC)NiCl 
With the bis(carbene) ligand in hand, new approaches were investigated for the 
generation of the Ni(II)-Cl species. The synthesis of the desired complex was attempted 
following an adapted literature procedure for the synthesis of iPrPOCOPiPrNiCl (iPrPOCOPiPr = 
(iPr2PO)2C6H4).13 Refluxing the free carbene H(DIPPCCC) formed in situ with an equivalent of 
NiCl2 resulted in formation of an orange solution with a solid green precipitate evident on the 
sides of the reaction vessel (Scheme 2.2). Separated by filtration, the connectivity of the green 
crystals was determined by X-ray crystallography as the [NiCl4]2− salt of the benzimidazolium 
ligand [H3(DIPPCCC)][NiCl4] (independent synthesis was accomplished by addition of HCl·Et2O 
to 1).  
 
 


























R = CH3 (2), CH2SiMe3 (3)












Formation of the desired complex (DIPPCCC)NiCl (1) was noted following workup of the 
filtrate. Complex 1 was isolated as an orange powder in 35% yield. This low yield prompted the 
investigation into other synthetic pathways. Complex 1 could be obtained in 87% yield after 
appropriate workup from the dropwise addition of 2.1 equiv of LiN(SiMe3)2 in THF to a stirring 
solution of the benzimidazolium salt of the ligand, [H3(DIPPCCC)]Cl2, and NiCl2py4 in 
dichloromethane. We hypothesize that the increased solubility of the Ni starting material is 
beneficial for the reaction to proceed in better yields.  
Characterization by 1H NMR spectroscopy revealed a spectrum consistent with the 
formation of the monomeric species. Two doublets integrating to 12H each were located at 0.87 
and 1.47 ppm, corresponding to the iPr methyls of the flanking aryl substituents (Figure 2.11). 
Additionally, one septet at 2.64 ppm integrating to 4H signaled symmetric coordination of the 
ligand framework. A cluster of resonances integrating to 17H was assigned as the aryl backbone, 
located between 6.60 and 7.51 ppm. Signals in the 13C NMR spectrum assigned to the CNHC 
(185.89 ppm) and CAr (150.88 ppm) have significantly shifted from that of H(DIPPCCC) (231.27 
ppm; 147.30 ppm, respectively) with coordination of the ligand framework to the Ni(II) center 
(Figure 2.12). 
Crystallographic characterization confirmed formation of the desired square planar 
Ni(II)-Cl species (Figure 2.3), with Ni−CNHC bond distances of 1.9188(17) and 1.9202(17) Å 
(Table 1). These Ni−C distances compare favorably with previously reported Ni(II)-NHC species 
(1.895(8)−1.933(1) Å). The aryl carbon bound to the Ni(II) center (Ni1−C13: 1.8503(16) Å) is 
considerably shorter than the bond lengths of Ni-NHC and is analogous to the reported PCP 
systems (1.879(2)−1.9243(2) Å).13-18 The Ni1−Cl1 distance of 2.1878(5) Å compares favorably 
with similar divalent nickel pincer complexes reported in the literature, with bond distances 
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ranging from 2.1880(6) to 2.2462(12) Å.13-18 The chlorine atom is located trans to the aromatic 
carbon of the benzene ring of the CCC ligand backbone, with a C13−N1−Cl1 bond angle of 
175.67(5)°. Divalent nickel complexes with monoanionic pincer ligands where the anionic aryl 
group is trans to the chloride atom have been reported previously, with CAr−Ni−Cl bond angles 
ranging from 174.29(8)° to 179.45(12)°. 
 
Figure 2.3 Molecular structures of 1−3 shown with 50% probability ellipsoids. Solvent 
molecules and selected hydrogen atoms have been omitted for clarity 
 




Complex 1 represented the first reported example of ligation of this bis(carbene) ligand 
platform, (DIPPCCC), with first-row transition metals. Chianese and coworkers have examined the 
metalation of the aryl-substituted pincer platform with iridium, accomplished by refluxing 
[Ir(COD)Cl]2 in MeCN in the presence of NEt3.5 The diminished yields of metalation observed 
during formation of the iridium complex are attributed to steric bulk of this system when 
compared to the less bulky 2,4,6-trimethylphenyl and 3,5-dimethylphenyl CCC platforms. 
2.4 Synthesis of DIPPCCC Nickel Alkyls: (DIPPCCC)NiR (R = CH3 (2) and CH2SiMe3 (3)) 
Following synthesis of complex 1, interest shifted to the generation of a family of alkyl 
complexes. Previous work has illustrated the utility of Grignard reagents in combination with 
Ni(II)-Cl starting materials for the generation of Ni-Calkyl complexes containing pincer ligand 
frameworks.19,20 The addition of a variety of bulky Grignard reagents resulted in limited 
reactivity. Furthermore, addition of the free carbene ligand H(DIPPCCC) to a variety of nickel bis-
alkyl complexes NiR2py2 (R = Mes, CH2SiMe3) resulted in no reaction; the tridentate 
bis(carbene) ligand did not displace the pyridines. 
Addition of a small excess of LiR (R = CH3, CH2SiMe3) to 1 resulted in an instantaneous 
color change from yellow to red. Similar color progressions have been described in the synthesis 
of (RPCP)NiR (R = Me, Et) species, generated by addition of an alkylating agent to the Ni-Cl 
precursor.13-18 Due to the retention in symmetry as a result of utilizing a smaller alkyl moiety, our 
focus rested on the complete characterization of the methyl derivative (DIPPCCC)NiCH3 (2). 
Following workup of the crude reaction mixture, complex 2 was isolated as a bright red powder 
in quantitative yields. 
Characterization by 1H NMR spectroscopy revealed a spectrum with all 11 ligand 
resonances slightly shifted from the values noted for complex 1 (Figure 2.4, top). Additionally, a 
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resonance located at −0.94 ppm integrating to the 3H of the methyl group was observed, 
consistent with ligation of the alkyl species. Chemical shifts observed for other reported Ni-CH3 
pincer complexes with a methyl group trans to an anionic carbon, [(iPr2PCH2CH2)2CH]NiMe 
(−0.50 ppm)21 and MePCPNiMe (0.05 ppm),22 are located downfield in relationship to the signal 
for complex 2, which most closely resembles the methyl resonance for (iPrPCP)NiMe (−0.77 
ppm), collected in CD2Cl2.23 Assignment of the product as the alkyl species was confirmed by 
13C NMR spectroscopy, as the carbene-carbon has been shifted to 191.95 ppm from that of the 
starting material (185.89 ppm) and H(DIPPCCC) (231.27 ppm) (Figure 2.14). Furthermore, a new 
resonance located at −10.12 ppm was assigned to the methyl carbon bound to the Ni(II) center. 
Addition of an equivalent of HCl·Et2O to 2 resulted in the quantitative conversion to complex 1. 
 
 
Figure 2.4 1H NMR spectra of 2 (top) and 3 (bottom) (C6D6, 25 ºC) 
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Figure 2.5 Molecular structure of 3 shown with 50% probability ellipsoids. Left: Structure 
omitting aryl moieties for clarity. Right: Side-on view illustrating structure of 3 as a result of the 
bulky alky group. Aryl groups, select hydrogen atoms and solvent molecules have been omitted 
for clarity 
 
Similarly, synthesis of (DIPPCCC)NiCH2SiMe3 (3) was accomplished by addition of an 
excess of LiCH2SiMe3 to complex 1. The dark red product was isolated as a powder in 
quantitative yields. Characterization by 1H NMR spectroscopy of the product revealed a more 
complicated spectrum, consistent with ligand asymmetry due to the appendage of the sterically 
bulky alkyl moiety (Figure 2.4, bottom) and a distortion of the metal center from planarity. This 
asymmetry is exemplified in the resonances corresponding to the iPr moieties (CH3: 0.69, 1.02, 
1.12, 1.32 ppm; CH: 2.72, 3.08 ppm) of the ligand framework. Signals consistent with formation 
of 3 were located at 0.11 and 0.09 ppm, with integrations of 9H and 2H, respectively. These 
values are substantially shifted from that of the starting material, LiCH2SiMe3 [−0.16 ppm 
(Si(CH3)3); −2.03 ppm (CH2)].24 The 13C NMR spectrum further supported the formation of 3, 
with two broadened signals corresponding to the methine carbons (28.74, 28.91 ppm) and four 
resonances for the methyl groups (24.34, 24.53, 24.78, 25.88 ppm) of the iPr moiety, mirroring 
the asymmetry observed in the 1H NMR spectrum (Figure 2.16). Additionally, the CNHC 
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resonance (199.31 ppm) has shifted substantially from that of the starting material, resembling 
the value observed for complex 2. 
Complexes 2 and 3 were characterized by X-ray crystallography to gain insight into 
coordination geometries of the pincer frameworks. Crystals suitable for analysis of 2 were grown 
from slow evaporation of a concentrated benzene solution (Figure 2.3). Complex 2 co-
crystallizes with the starting material 1 (33% of crystallized complex is 1 as a result of LiCl in 
the reaction mixture), resulting in a disordered Ni−X fragment. The Ni−C bond length of 1.98(3) 
Å is within the range of Ni(II)−CH3 complexes reported previously (1.89(2)−2.092(4) Å);22,23,25-
28 however this distance is marred by the cocrystallization of 1. The Ni−CNHC bond lengths of 
1.9280(19) and 1.9349(19) Å are slightly elongated in comparison to the starting material, due to 
the altered electronic state and increased steric bulk of the metal center as result of formation of 
the Ni−C bond. Likewise, the Ni1−C13 bond distance of 1.8700(19) Å is significantly elongated 
from that of 1. Reports by Kemp and Goldberg of the functionalization of the (PCP)NiX systems 
report no significant trans influence upon substitution at the metal center.12  
In the case of complex 3, structural refinement revealed a distorted geometry as a result 
of steric bulk of the (trimethylsilyl)methyl moiety (Figures 2.3 and 2.5, Table 2.1). The crystal 
grown from a concentrated diethyl ether solution resulted in two independent molecules of 3 in 
the unit cell. As predicted by the asymmetry of the 1H and 13C NMR spectra of 3, the Ni center is 
perturbed out of the plane to accommodate the newly installed alkyl moiety, exemplified by the 
E−Ni−E (E = CAr, CNHC) bond angles distorted from linearity (CNHC−Ni−CNHC: 159.32(15)°, 
157.44(15)°; CAr−Ni−Calkyl: 154.09(15)°, 160.37(15)°). The Ni1−Calkyl bond distances of 
1.953(4) and 1.962(3) Å compare favorably to other reported aliphatic Ni−Calkyl bond distances, 
including (NN2)Ni(CH2CH3) (1.959(2) Å) (NN2- = [-N(o-H2NC6H4)2])19 and (RPNP)Ni(nBu) [R = 
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iPr (1.963(3) Å), Ph (1.971(3) Å)].20 The Ni−C13 distances of 1.858(3) and 1.855(3) Å are akin 
to complexes 1 and 2. 
Complex 3 is a rare example of a Ni(II)−CH2SiMe3 pincer complex. A search of the 
Cambridge Structural Database reveals one other Ni pincer species with the sterically bulky alkyl 
moiety (PhPNP)NiCH2SiMe3.20 This example, characterized by Liang and coworkers, utilizes the 
popular tridentate amido diphosphine ligand platform [N(o-C6H4PR2)2]− (R = Ph).20 In contrast 
to complex 3, the Ni(II) center of (PhPNP)NiCH2SiMe3 maintains a square planar conformation, 
due to a less bulky ligand platform. The N−Ni−C bond angle of 170.6(3)° for 
(PhPNP)NiCH2SiMe3 is similar to the linear configuration of the starting material [(PhPNP)NiCl: 
177.88(8)°], while complex 3 is distorted, with a CAr−Ni−Calkyl bond angle of 154.14(14)° and 
CNHC−Ni−CNHC bond angle of 159.29(14)°. The Ni−C bond distances for (PhPNP)NiCH2SiMe3 of 
1.944(7) and 1.975(7) Å are consistent with those of complex 3 (1.953(4), 1.962(3) Å). The in 
plane distortion of the NHC known as yaw distortion, defined by Crabtree and coworkers, is due 
to the steric constraint imposed by the formation of the metallacycle.29 In square planar 
complexes the angle typically ranges from 4° to 14°, and there is a clear dependence on the size 
of the R group.30 The yaw angles (θ) for complexes 1−3 (12.2°, 12.7°, and 12.2°, respectively) 
are consistent with a stronger steric clash of the bulky aryl group and chloride and alkyl ligands. 
2.5 Synthesis of (DIPPCCC)NiH 
Intrigued by the facile formation of the Ni(II) alkyl complexes, our attention turned to the 
generation of the hydride species. Ni(II) hydride complexes supported by a pincer ligand 
platform are a common synthetic target in organometallic chemistry, due to their wide 
application in catalytic processes including olefin isomerization.31 Furthermore, these Ni(II)−H 
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complexes serve as products from β-H elimination and thus become important intermediates for 
characterization when investigating catalytic processes supported by these divalent Ni species.31 
In an attempt to access a Ni(II) hydride derivative of the (DIPPCCC) complexes, an 
equivalent of the deprotonated, free carbene H(DIPPCCC) was added to a toluene solution of 
Ni(COD)2 at −35 °C, resulting in an immediate color change from yellow to red. Following 
workup, characterization of the product 4 by 1H NMR spectroscopy revealed eight aromatic 
resonances ranging from 6.59 to 7.65 ppm, with the septet corresponding to the equivalent 
methine protons of the isopropyl groups located at 2.59 ppm (Figure 2.6). 
 
Figure 2.6 1H NMR spectrum of 4 (C6D6, 25 ºC) 
 Two doublets assigned as the iPr methyl groups, integrating to 12H, were located at 0.87 
and 1.26 ppm, shifted from that of the analogous Ni(II) methyl and chloride complexes. 
Strikingly, a sharp resonance at −6.54 ppm integrating to 1H was observed in the spectrum. This 
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value is slightly shifted downfield in comparison with other nickel hydride species in the 
literature, with signals ranging from −7.96 to −22.81 ppm. Analysis of the 13C NMR spectrum 
revealed shifted resonances corresponding to CNHC (197.81 ppm) and CAr (164.22 ppm) (Figure 
2.18). Additionally, characterization by IR spectroscopy revealed a sharp feature at 1724 cm−1 
corresponding to the Ni−H stretch. This value resembles previously reported (RPCP)NiH 
complexes (R = iPr, tBu, Cy) with values ranging from 1727 to 1754 cm−1.12 
 
Figure 2.7 Molecular structure of 4 shown with 50% probability ellipsoids. Solvent molecules 
and selected hydrogen atoms have been omitted for clarity. Selected bond lengths (Å): Ni1−H1: 
1.63(5), Ni1−C13: 1.870(5), Ni1−C1: 1.894(5), Ni1−C20: 1.899(5), θ = 12.9º 
To confirm the formation of the Ni−H, red crystals suitable for X-ray analysis were grown from 
a concentrated solution of toluene and hexanes (1:1) at −35 °C (Figure 2.7). Refinement of the 
structural data revealed the desired square planar nickel hydride complex (DIPPCCC)NiH (4), 
with the hydride moiety trans to the aryl carbon. The Ni−CAr distance of 1.870(5) Å is slightly 
elongated from that of the Ni−Cl species, while the Ni−CNHC distances of 1.894(5) and 1.899(5) 
Å are significantly shorter, indicating mobility of the Ni center within the pocket of the pincer 
ligand. The Ni−H distance of 1.63(5) Å is within the range of previously reported square planar, 
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pincer Ni−H species, trans to an anionic aryl carbon (1.37(3)−1.60(2) Å).12,13,23,32 Interestingly, 
of all the described molecules, 4 has the largest yaw angle at 12.9°, implying that the smaller the 
coligand, the larger the yaw angle. 
The synthesis of complex 4 is a rare example of isolation of the nickel hydride via 
oxidative addition of an aryl C−H bond. Liang and coworkers have reported the isolation of a 
family of (RPNP)NiH complexes generated by oxidative addition of an N−H bond across the 
Ni(0) starting material.20 Similarly, the aryl-functionalized PCP phosphine ligand’s insertion of 
COD, following formation of the Ni(II)−H species, precluded crystallographic characterization 
of the desired product.12  
Following the isolation of 4 and with an understanding of the reactivity of complexes 2 
and 3 toward HCl·Et2O, an alternate synthetic pathway to access the Ni(II)−Cl starting material 
was investigated. While isolation of complex 1 was accomplished, harsh initial reaction 
conditions resulted in low yields of the desired product from NiCl2. Following addition of the in 
situ generated free carbene H(DIPPCCC) to Ni(COD)2, an equivalent of HCl·Et2O was added. An 
immediate color change to bright yellow-orange from dark red of the reaction mixture was noted. 
After workup, complex 1 was isolated as an orange powder in high yields (89%). This alternate 
synthesis to access 1 reduces reaction time while increasing the yield from the original 
preparatory pathway. Furthermore, the observation of convergence of products supports the 
hypothesis that the dark red, hexanes-soluble byproduct is in fact the result of COD insertion 
across the Ni−H bond, as the reactivity of complexes 2 and 3 toward acid give rise to analogous 
species. 
Moreover, addition of MgnBu2 to a solution of complex 1 resulted in the formation of 4, 
as well as the formation of 1-butene, as confirmed by 1H NMR spectroscopy. Similarly, 
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treatment of 1 with excess LiNMe2 resulted also in the formation 4. These findings suggest that 
the resulting complex nickel complexes undergo beta-hydride elimination to form the 
corresponding nickel hydride (4). 
2.6 Electronic Absorption Spectroscopy of DIPPCCC Nickel Complexes 
Optical properties of complexes 1−4 were collected via electronic absorption 
spectroscopy in the UV−visible region (280−900 nm). The spectra of complexes 1 and 4 were 
collected in THF, as these species were sufficiently stable in coordinating, ethereal solvents for 
characterization (Figure 2.8, top). Complex 1 bears a sharp, color-producing band at 436 nm (ε = 
10024 M−1cm−1), consistent with the yellow hue of the complex in solution. At higher energies 
three additional features were noted at 286 nm (ε = 18114 M−1cm−1), 320 nm (ε = 9867 M−1 
cm−1), and 355 nm (ε = 3782 M−1cm−1), indicating substantial contributions from the π → π* 
transitions of the ligand backbone.33 The overall spectrum of complex 1 resembles that of a 
recently reported platinum species, (neosilylCCC)PtCl.33 
The spectrum of complex 4 bears similar features to that of 1, indicating that structural 
organization of the square planar metal center has a great effect on the optical properties of the 
molecule. An intense, color-producing band located at 498 nm (ε = 18500 M−1cm−1) gives rise to 
the red-pink color of the Ni−H species. The increased molar absorptivity of this band is not 
surprising, as 4 is substantially more colored than complex 1. Only two bands are defined at 
higher regions of the spectrum [301 nm (ε = 23180 M−1cm−1); 373 nm (ε = 6290 M−1cm−1)], 
possibly as a result of the fourth transition occurring at higher energies. Attempts to collect the 
spectra of complexes 2 and 3 in THF resulted in ill-defined transitions as a result of 
decomposition in solution (Figure 2.19). 
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Figure 2.8 Top: Electronic absorption spectra of 1 and 4 collected in THF at 21 ºC. Bottom: 
Electronic absorption spectra of 2 and 3 collected in C6H6 at 21 ºC 
The electronic absorption spectra for the two Ni(II) alkyl complexes were successfully 
collected in benzene (Figure 2.8, bottom). Complex 2 bears similar features to the spectra of 
complexes 1 and 4 as a result of the retention of square planar geometry of the Ni(II) center. A 
color-producing band at 491 nm (ε = 15663 M−1cm−1) gives rise to the bright red color of 2. As 
noted in the spectra of 1 and 4, at least two well-defined transitions are observed at higher 
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energies [308 nm (ε = 21130 M−1cm−1); 390 nm (ε = 5791 M−1cm−1)]. In contrast, the spectrum 
of the (trimethylsilyl)methyl alkyl species 3 is composed of ill-defined bands with the exception 
of the transition located at 444 nm (ε = 11629 M−1cm−1), assigned as the color-producing feature. 
The lack of discernible transitions is proposed to be a result of the distortion of the metal center 
coordination geometry from square planar. 
2.7 Conclusions 
Nickel(II) pincer complexes of the ligand framework (DIPPCCC) pose an interesting 
platform for the synthesis of electron-rich metal centers. The air-stable (DIPPCCC)NiCl pincer 
complex was prepared from refluxing the H(DIPPCCC) with NiCl2 in moderate yields. Utilizing 
the more soluble nickel source NiCl2py4 allowed for the one pot synthesis of (DIPPCCC)NiCl in 
great yields from the benzimidaziolium salt of the ligand and using LiN(SiMe3)2 as a base. Salt 
metathesis with LiR (R = Me or CH2SiMe3) resulted in the formation of Ni(II)-alkyl complexes. 
Addition of a Ni(0) starting material, Ni(COD)2, to the free carbene H(DIPPCCC) resulted in 
oxidative addition and subsequent formation of a well-defined Ni−H species. A suite of 
spectroscopic techniques, including X-ray crystallography, was used to characterize these 
complexes. Complexes 1−4 represented the first examples of base metal complexes featuring 
monoanionic (RCCC), pincer bis(carbene) ligand platform. 
2.8 Experimental Section 
General Considerations. All air- and moisture-sensitive manipulations were performed using an 
MBraun inert atmosphere drybox with an atmosphere of nitrogen. The MBraun drybox was 
equipped with two −35 °C freezers for cooling samples and crystallizations. Solvents for 
sensitive manipulations were dried and deoxygenated on a Glass Contour System (SG Water 
USA, Nashua, NH) and stored over 4 Å molecular sieves purchased from Strem following a 
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literature procedure prior to use.34 Nickel(II) chloride anhydrous (98%) and 
bis(cyclooctadiene)nickel(0) were purchased from Strem and used as received. NiCl2py4 was 
prepared according to literature procedures.35 Methylithium solution (1.6 M in diethyl ether) was 
purchased from Sigma-Aldrich and was used as received. (Trimethylsilyl)methyllithium solution 
(1.0 M in pentane) was purchased from Sigma-Aldrich, and the solvent was evaporated to 
dryness under reduced pressure, leaving a white powder. The solid (trimethylsilyl)methyllithium 
was stored at −35 °C. Triethylamine was purchased from Sigma-Aldrich and was dried with 
molecular sieves and degassed. The ligand precursor [H3(DIPPCCC)]Cl25 and benzylpotassium36 
were prepared according to literature procedures. Benzene-d6 was purchased from Cambridge 
Isotope Laboratories, degassed, and dried with molecular sieves. 
1H and 13C NMR spectra were recorded on a Varian spectrometer operating at 500 MHz (1H 
NMR) and 126 MHz (13C NMR) at ambient temperature. All chemical shifts were reported 
relative to the peak of the residual solvent (C6D5H, δ 7.15) as a standard. Solid-state infrared 
spectra were recorded using a PerkinElmer Frontier FT-IR spectrophotometer equipped with a 
KRS5 thallium bromide/iodide universal attenuated total reflectance accessory. Electronic 
absorption measurements were recorded at room temperature in THF or benzene in sealed 1 cm 
quartz cuvettes with a Shimadzu UV-2501PC UV−vis spectrophotometer. Elemental analyses 
were performed by the University of Illinois at Urbana−Champaign School of Chemical Sciences 
Microanalysis Laboratory in Urbana, IL. 
 
Preparation of H(DIPPCCC).  A 20 mL scintillation vial was charged with the benzimidazolium 
salt, H3(DIPPCCC)Cl2 (0.075 g, 0.107 mmol) and approximately 2 mL of benzene.  The resulting 
slurry was frozen at -35 °C.  To this frozen mixture, a thawing mixture of KCH2Ph (0.0291 g, 
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0.223 mmol) in approximately 2 mL of benzene was added.  An additional 2 mL of benzene 
were used to rinse and complete this transfer. After stirring for 10 min, ca. 2 mL of THF were 
added to the reaction mixture, resulting in a rapid dissipation of the orange color.  When the 
solution turned clear, solvents were removed under reduced pressure and the solid residue was 
dissolved in benzene and filtered over CeliteTM to remove KCl. Removal of volatiles under 
reduced pressure resulted in a yellow-white solid. Washing with hexanes (2 X 2 mL) left a white 
powder which was dried in vacuo to afford H(DIPPCCC) (0.042 g, 0.067 mmol, 62%).  Analysis 
for C44H46N4:  Calcd.  C, 83.77; H, 7.35; N, 8.88.  Found C, 83.10; H, 7.28; N, 8.88.  1H NMR 
(C6D6, 500 MHz): δ 8.82 (t, J = 2.2 Hz, 1H, Ar-CH), 7.89 (dd, J = 7.9, 2.1 Hz, 2H), 7.70 (d, J = 
7.8 Hz, 2H), 7.35 (t, J = 7.8 Hz, 2H), 7.28 (d, J = 7.8 Hz, 1H), 7.24 (d, J = 7.4 Hz, 4H), 6.94 (m, 
4H), 6.77 (d, J = 7.7 Hz, 2H), 2.70 (sept, J = 6.9 Hz, 4H, iPr-CH), 1.17 (d, J = 6.8 Hz, 12H, iPr-
CH3), 0.96 (d, J = 6.8 Hz, 12H, iPr-CH3).  13C NMR (C6D6, 126 MHz): δ 231.27, 147.30, 142.59, 
138.36, 135.70, 134.06, 130.12, 129.64, 124.21, 123.04, 122.98, 122.90, 121.77, 111.74, 111.36, 
28.88, 24.79, 23.53. 
Preparation of (DIPPCCC)NiCl (1). Method A: A 30 mL schlenk bomb was charged with 
H(DIPPCCC) (0.50 g, 0.079 mmol) which was generated in situ and an equivalent of NiCl2 (0.010 
g, 0.077 mmol), with subsequent addition of approximately 10 mL of toluene.  The vessel was 
sealed and removed from the glove box and placed in an 80 °C oil bath for 10 hours.  After this 
time, the solution turned orange with observable formation of a green precipitate.  The vessel 
was returned to the glovebox, and the solution was filtered over Celite.  Solvents were removed 
under reduced pressure and the orange residue was washed with hexanes.  The product, 
(DIPPCCC)NiCl (1), was isolated as a yellow powder (0.0195 g, 0.027 mmol, 35 %).  Method B: 
A 20 mL scintillation vial was charged with NiCl2py4 (0.032 g, 0.072 mmol), an equivalent of 
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the benzimidazolium salt of the ligand, [H3(DIPPCCC)]Cl2 (0.050 g, 0.071 mmol) and 
approximately 5 mL of dichloromethane.  In a separate vial, 2.1 equivalents of LiN(SiMe3)2 
(0.025 g, 0.149 mmol) was dissolved in approximately 3 mL of THF and added to the suspension 
of metal and ligand dropwise.  A color change to orange was noted.  The reaction mixture was 
stirred for one hour, after which time solvents were removed under reduced pressure.  The 
resulting orange residue was washed with hexanes and subsequently dissolved in toluene, cooled 
overnight, and filtered over CeliteTM.  The product was isolated as an orange powder in good 
yields (0.0485 g, 0.067 mmol, 87%).  Analysis for C44H46N4NiCl:  Calcd.  C, 72.79; H, 6.52; N, 
7.72.  Found C, 72.35; H, 6.36; N, 7.71.  1H NMR (C6D6, 500 MHz): δ = 7.51 (d, J = 8 Hz, 2H), 
7.25 – 7.11 (m, 9H), 6.99 (t, J = 8 Hz, 2H), 6.82 (t, J = 8 Hz, 2H), 6.60 (d, J = 9 Hz, 2H), 2.64 
(sept, J = 7 Hz, 4H, iPr-CH), 1.47 (d, J = 7 Hz, 12H, iPr-CH3), 0.87 (d, J = 7 Hz, 12H, iPr-CH3). 
13C NMR (C6D6, 126 MHz): δ = 185.89, 150.88, 148.15, 145.85, 138.58, 133.03, 130.08, 129.83, 
124.99, 124.53, 124.06, 123.48, 112.49, 111.32, 108.78, 29.13, 24.45, 24.23. 
 Preparation of (DIPPCCC)NiCH3 (2).  A 20 mL scintillation vial was charged with 
(DIPPCCC)NiCl (0.0395 g, 0.055 mmol) and approximately 5 mL of benzene. The resulting 
yellow solution was frozen and methyllithium (0.04 mL, 0.064 mmol) was added as the benzene 
solution was thawing. An immediate color change from yellow to red was noted.  The reaction 
was warmed to room temperature and stirred for 30 min. The resulting mixture was filtered over 
Celite and the solvent was evaporated under reduced pressure to afford the product as a red 
powder in quantitative yield.  Crystals suitable for X-ray analysis were grown from slow 
evaporation of a benzene solution.  Complex 2 was not stable enough for elemental analysis.  In 
lieu of this, 1H and 13C NMR spectra are included in this supporting information file.  1H NMR 
(C6D6, 500 MHz): δ = 7.71 (d, J = 8.1 Hz, 2H), 7.43 (d, J = 7.6 Hz, 2H), 7.37-7.32 (m, 1H), 7.20 
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(t, J = 7.8 Hz, 2H), 7.10 (d, J = 7.8 Hz, 4H), 7.05 (t, J = 7.7 Hz, 2H), 6.86 (t, J = 7.7 Hz, 2H), 
6.60 (d, J = 8.1 Hz, 2H), 2.66 (sept, J = 7.0 Hz, 4H, iPr-CH), 1.25 (d, J = 6.8 Hz, 12H, iPr-CH3), 
0.83 (d, J = 6.8 Hz, 12H, iPr-CH3),       -0.94 (s, 3H, Ni-CH3). 13C NMR (C6D6, 126 MHz): δ = 
191.93, 162.33, 147.77, 146.29, 139.03, 133.87, 130.73, 130.20, 124.23, 124.08, 123.97, 122.76, 
111.86, 111.35, 108.56, 28.84, 24.38, 24.03, -10.12. 
Preparation of (DIPPCCC)NiCH2SiMe3 (3).  A 20 mL scintillation vial was charged with 
(DIPPCCC)NiCl (0.040 g, 0.096 mmol) and approximately 5 mL of benzene. The resulting yellow 
solution was frozen and solid (trimethylsilyl)methyllithium (0.009 g, 0.096 mmol) was added as 
the benzene solution was thawing. An immediate color change from yellow to brown was noted.  
The reaction was warmed to room temperature and stirred for 30 min. The resulting mixture was 
filtered over Celite and the solvent was evaporated under reduced pressure to afford the product 
as a red brown powder in quantitative yield.  Crystals suitable for X-ray analysis were grown 
from cooling a concentrated solution of diethyl ether.  Complex 4 was not stable enough for 
elemental analysis.  In lieu of this, 1H and 13C NMR spectra are included in this supporting 
information file.  1H NMR (C6D6, 500 MHz): δ = 7.61 (d, J = 8.1 Hz, 2H), 7.38 (d, J = 7.6 Hz, 
2H), 7.27 (t, J = 7.6 Hz, 1H), 7.20-7.16 (m, 2H), 7.13-7.04 (m, 4H), 7.01 (t, J = 7.7 Hz, 2H), 6.85 
(t, J = 7.7 Hz, 2H), 6.69 (d, J = 8.1 Hz, 2H), 3.08 (br, 2H, iPr-CH), 2.72 (br, 2H, iPr-CH), 1.32 
(d, J = 6.6 Hz, 6H, iPr-CH3), 1.12 (d, J = 6.9 Hz, 6H, iPr-CH3), 1.02 (d, J = 7.6 Hz, 6H, iPr-CH3), 
0.69 (d, J = 6.6 Hz, 6H, iPr-CH3), 0.11 (s, 9H, Si(CH3)3), 0.09 (s, 2H, Ni-CH2). 13C NMR (C6D6, 
126 MHz): δ = 199.31, 164.38, 147.21, 146.82, 146.65, 139.67, 133.95, 131.41, 129.96, 124.62, 
123.92, 123.42, 122.43, 112.66, 111.29, 109.82, 28.91, 28.74, 25.88, 24.78, 24.53, 24.34, 4.75, -
0.74. 
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Preparation of (DIPPCCC)NiH (4). A 20 mL scintillation vial was charged with H(DIPPCCC) 
(0.045 g, 0.071 mmol) and approximately 2 mL of toluene and was cooled to -35 °C.  A separate 
vial was charged with an equivalent of Ni(COD)2 (0.019 g, 0.069 mmol) and 1 mL of toluene 
and cooled in a cold well to freezing.  As the solution thawed, the ligand was added drop-wise to 
the pale yellow solution of Ni(0) starting material, resulting in an immediate color change to 
brown-red.  The mixture was warmed to room temperature.  Solvents were removed under 
reduced pressure, resulting in the isolation of a dark residue.  The product was washed with 
hexanes, leaving product, (DIPPCCC)NiH (4), as a pink powder (0.020 g, 0.029 mmol, 41%).  
Complex 4 was not stable enough for elemental analysis. 1H NMR (C6D6, 500 MHz): δ = 7.65 
(d, J = 8 Hz, 2H), 7.38 (d, J = 8 Hz, 2H, Ar-CH), 7.35 – 7.30 (m, 1H), 7.05 – 6.93 (m, 8H), 6.85 
(t, J = 8 Hz, 2H), 6.59 (d, J = 8 Hz, 2H), 2.59 (sept, J = 7 Hz, 4H, iPr-CH), 1.26 (d, J = 7 Hz, 
12H, iPr-CH3), 0.87 (d, J = 7 Hz, 12H, iPr-CH3), -6.54 (s, 1H, Ni-H). 13C NMR (C6D6, 126 
MHz): δ = 197.81, 164.22, 148.67, 146.11, 138.34, 134.49, 131.00, 130.06, 124.62, 124.13, 
123.74, 122.83, 112.32, 111.19, 108.78, 28.86, 24.81, 23.65. 
Alternative Synthesis of 1.  A 20 mL scintillation vial was charged with [H3(DIPPCCC)]Cl2 
(0.039 g, 0.055 mmol) and approximately 2 mL of toluene.  The slurry was cooled to -35 °C.  
Subsequently, 2.1 equivalents of benzylpotassium (0.0156 g, 0.120 mmol) was weighed by 
difference and added as an orange powder to the slurry.  After 1 hour of stirring at room 
temperature, the mixture was filtered over Celite to remove KCl.  A separate 20 mL scintillation 
vial was charged with Ni(COD)2 (0.015 g, 0.055 mmol) and approximately 2 mL of diethyl 
ether.  Both solutions were cooled to -35 °C, and the ligand mixture was added drop-wise to the 
pale yellow nickel solution.  An immediate darkening of the solution was noted.  After 5 minutes 
of stirring at room temperature, an equivalent of HCl·Et2O (0.06 mL, 0.060 mmol) was measured 
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with a syringe and added to the reaction mixture.  An immediate color change to yellow-orange 
was noted.  The mixture was stirred for 1 hour to ensure completion of the reaction.  After this 
time, volatiles were removed under reduced pressure.  The resulting orange residue was washed 
copiously with hexanes until the filtrate ran clear.  The product was extracted with toluene and 
once again, solvents were removed under reduced pressure.  The product, complex 1, was 
isolated as an orange powder (0.036 g, 0.049 mmol, 89%) and was characterized according to the 
aforementioned parameters. 
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2.9 Supporting Figures and Tables 
 
Figure 2.9  1H NMR (C6D6, 500 MHz) spectrum of H(DIPPCCC) 
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Figure 2.12  13C NMR (C6D6, 126 MHz) spectrum of (DIPPCCC)NiCl (1) 
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Figure 2.13  1H NMR (C6D6, 500 MHz) spectrum of (DIPPCCC)NiCH3 (2) 
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Figure 2.14  13C NMR (C6D6, 126 MHz) spectrum of (DIPPCCC)NiCH3 (2) 
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Figure 2.15  1H NMR (C6D6, 500 MHz) spectrum of (DIPPCCC)NiCH2SiMe3 (3) 
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Figure 2.16  13C NMR (C6D6, 126 MHz) spectrum of (DIPPCCC)NiCH2SiMe3 (3) 
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Figure 2.17  1H NMR (C6D6, 500 MHz) spectrum of (DIPPCCC)NiH (4) 
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Figure 2.19  Electronic absorption spectra of complexes 2–3 collected in THF at 21 °C 
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Table 2.2 Crystallographic parameters for compounds 1 and 2 
Compound (DIPPCCC)NiCl (DIPPCCC)NiCH3 
Empirical formula C45 H45 Cl3 N4 Ni C50.17 H53.01 Cl0.33 N4 Ni 
Formula weight 806.91 782.43 
Temperature 173(2) K 100(2) K 
Wavelength 0.71073 Å 0.71073 Å 
Crystal system Monoclinic Triclinic 
Space group P21/n P-1 
Unit cell dimensions a = 19.2462(17) Å a = 8.6588(7) Å 
 b = 8.9294(8) Å b = 15.3314(14) Å 
 c = 23.630(2) Å c = 16.5973(15) Å 
 a= 90°. a= 103.115(4)°. 
 b= 96.786(5)°. b= 98.614(4)°. 
 g = 90°. g = 103.025(4)°. 
Volume 4032.5(6) Å3 2043.2(3) Å3 
Z 4 2 
Reflections collected 132179 32084 
Independent reflections 
10140 7526 
[R(int) = 0.0970] [R(int) = 0.0417] 
Goodness-of-fit on F2 1.03 1.057 
Final R indices [I>2sigma(I)] R1 = 0.0370, wR2 = 0.0896 R1 = 0.0332, wR2 = 0.0675 
R indices 
R1 = 0.0513 R1 = 0.0446 
wR2 = 0.0981 wR2 = 0.0714 
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R = CH2SiMe3 
Empirical formula C52 H66 N4 Ni O Si C51 H61 N4 Ni O 
Formula weight 849.88 804.74 
Temperature 173(2) K 100(2) K 
Wavelength 0.71073 Å 0.71073 Å 
Crystal system Triclinic Trigonal 
Space group P-1 R-3 
Unit cell dimensions a = 15.1590(17) Å a = 21.7945(18) Å 
 b = 18.643(2) Å b = 21.7945(18) Å 
 c = 18.882(2) Å c = 41.104(4) Å 
 a= 106.393(6)°. a= 90°. 
 b= 110.407(6)°. b= 90°. 
 g = 93.967(7)°. g = 120°. 
Volume 4714.0(9) Å3 16908(3) Å3 
Z 4 18 
Reflections collected 184757 71783 
Independent reflections 
17580 6851 
[R(int) = 0.1842] [R(int) = 0.1611] 
Goodness-of-fit on F2 0.992 1.07 
Final R indices [I>2sigma(I)] R1 = 0.0610, wR2 = 0.1291 R1 = 0.0643, wR2 = 0.1231 
R indices 
R1 = 0.1088 R1 = 0.1170 
wR2 = 0.1467 wR2 = 0.1398 
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Chapter 3 




Homogenous nickel catalysis has been used for the synthesis of a variety of compounds 
including natural products, pharmaceuticals, and polymers. Mechanistic studies on these 
catalytic systems have indicated that the reactions proceed via one- or two-electron redox events 
to access Ni0, NiI, NiII, and/or NiIII intermediates.1−5 Such studies, coupled with the recent 
development of well-defined PdII/PdIV catalytic cycles, which have demonstrated complementary 
reactivity and selectivity to their lower-valent counterparts,6−9 have rendered the isolation of 
high-valent nickel complexes an area of great interest.1,4  
Unfortunately, despite the continued development of earth-abundant metal catalysts, 
isolated and well-characterized organometallic NiIV complexes are relatively rare. Reports 
include the isolation of octahedral NiIV species by oxidative addition of methyl iodide onto NiII 
acylphenolate tris(phosphine) complexes reported by Klein and coworkers,10 the 
pseudotetrahedral bromotris(1-norbornyl)nickelIV complex isolated by Dimitrov and 
coworkers,11 and the first isolated tetraalkyl NiIV complex reported by Steigerwald and 
coworkers.12 Most recently, Sanford and coworkers reported the isolation of octahedral NiIV 
complexes featuring the tris(2-pyridyl)methane and tris(pyrazolyl)borate ligand platforms, 
capable of reductively eliminating C−X bonds (X = O, S, N, CF3).13,14 With the growing interest 
in harnessing the power of a NiII/NiIV redox cycle for bond-forming reactions, and given our 
interest in the alternate reactivity that NiIV may offer compared to other oxidation states, we set 
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out to investigate the viability of accessing complexes of nickel in the formal oxidation state +4 
supported by a monoanionic bis(carbene) pincer platform.4 
3.2 Results and Discussion 
Although (DIPPCCC)NiCl (1) was previously reported by our group, the redox chemistry 
of this molecule was not explored extensively at the time. Hypothesizing that this highly 
donating pincer bis(carbene) ligand platform may allow us to access a high-valent Ni species, 
electrochemical studies were performed. Cyclic voltammetry on 1, in dichloromethane, depicts a 
single reversible oxidation wave at +0.56 V versus Fc/Fc+, assigned to be the NiII/NiIII couple 
(Figure 3.3). Attempts to chemically access and isolate a NiIII species by treating 1 with Ag+, 
Ph3C+, or Fc+ salts were unsuccessful and resulted in mixtures of diamagnetic products, with 1 
being the main component. In addition, salt metathesis of 1 with non-coordinating anions was 
not successful. van Koten was able to access high-valent NiIII species from the addition of CuX2 
and I2 to a NCN pincer NiII species, however, similar reactions did not produce a NiIII species in 
our system.16,17 
Despite the failed attempts to isolate NiIII complexes ligated by the (DIPPCCC) platform, 
the chemical oxidation of (DIPPCCC)NiX (1, X = Cl; 3, X = Br) with two-electron oxidants was 
explored. Interestingly, the reaction of 1 with iodobenzene dichloride (PhICl2) resulted in an 
immediate color change from orange to purple (Scheme 3.1).  
Characterization of the purple crude product by 1H NMR spectroscopy revealed complete 
conversion of 1 to a new diamagnetic complex, 2, and the concomitant formation of phenyl 
iodide, determined by 1H NMR spectroscopy (7.70, 7.33 and 7.11 ppm, Figure 3.6). The 1H 
NMR spectrum of 2 features two doublets, which integrate to 12H each for the iPr methyl groups 
at 1.14 and 0.84 ppm (versus 1.21 and 0.88 ppm of 1), and one septet integrating to 4H for the 
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methine protons at 2.80 ppm (versus 2.47 ppm of 1). The diamagnetic nature of 2 could be 
attributed to the formation of a dimeric complex featuring two NiIII centers antiferromagnetically 
coupled; however, this formulation is unlikely due to the bulkiness of the diisopropylphenyl 
flanking groups of the ligand. The diamagnetic character of 2 could also be rationalized by a 
two-electron oxidation at the nickel center to form the C2v symmetric, octahedral complex 
(DIPPCCC)NiCl3, which would be consistent with the number of resonances observed in the 1H 
NMR spectrum of 2. The thermal instability and diminished solubility at low-temperature of 2 
precluded characterization by 13C NMR spectroscopy. 
 
 
Scheme 3.1 Synthesis of (DIPPCCC)NiCl3 (2) from (DIPPCCC)NiCl (1) 
 
To elucidate the molecular structure of 2, crystals suitable for X-ray analysis were grown 
by vapor diffusion of pentane into a solution of 2 in benzene/THF at −35 °C. Solid-state 
structural characterization revealed an octahedral Ni center featuring the monoanionic pincer 
ligand and three chloride ligands. Examination of the bond lengths in the ligand precludes the 
possibility of a ligand-based radical (Figure 3.7), thus confirming the formulation of 2 as a 
formal NiIV complex with the formulation (DIPPCCC)NiCl3 (Figure 3.1). Comparing the structural 
parameters of 2 to the NiII starting material 1 shows elongation of all the Ni-ligand bond 
distances in the plane of the pincer platform (Table 3.1). The Ni−CNHC distances have elongated 
 56 
from 1.9188(17) and 1.9201(17) Å to 1.942(3) and 1.936(3) Å, the Ni−Caryl distance has 
elongated from 1.8504(16) Å to 1.888(2) Å, and the Ni−Cl1 distance has elongated from 
2.1879(5) Å to 2.2682(7) Å, likely due to the change in coordination at the nickel center from 
square planar in 1 to octahedral in 2 upon the two-electron oxidation. 
 
 
Figure 3.1 Molecular structures of 2, 3, and 4 shown with 50% probability ellipsoids. Solvent 
molecules and H atoms have been omitted for clarity 
 
Table 3.1 Selected structural parameters of complexes 1−4 
 
 
Encouraged by the accessibility of NiIV via the chlorine surrogate PhICl2, we investigated 
the reactivity of NiII toward oxidation with elemental bromine in an effort to isolate 
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(DIPPCCC)NiBr3. Bromine has served as a viable way to access NiIII species, as shown by 
Zargarian18,19 and Nocera.20 In other examples, the halide moiety only interacts with NiII halide 
complexes to form trihalide anions and does not oxidize the metal center (Scheme 3.2).20  
 
Scheme 3.2 Reaction with halogen to form (a) NiIII species (b) trihalide species (no oxidation) 
 
Attempts to cleanly access the precursor NiII−Br species, (DIPPCCC)NiBr (3), by salt 
metathesis of 1 with bromide salts proved to be unsuccessful; therefore, a new synthetic route to 
3 was sought. Treatment of 1 with NaSPh, followed by removal of NaCl and protonation with 
HBr resulted in the formation of 3 with no chloride impurities. As expected, resonances in the 1H 
NMR spectrum of 3 were marginally shifted from 1. The 1H NMR spectrum of 3 in THF-d8 
featured the two doublets corresponding to the iPr methyl groups at 1.23 and 0.86 ppm (versus 
1.21 and 0.88 ppm of 1) and the septet corresponding to the iPr methine protons at 2.46 ppm 
(versus 2.47 ppm of 1) in addition to the appropriate number of aromatic proton resonances, also 
slightly shifted from 1. Crystals of 3 suitable for X-ray analysis were grown by vapor diffusion 
of diethyl ether into a concentrated solution of 3 in THF. Complex 3 features a square-planar NiII 
center, with structural parameters similar to 1 and a Ni−Br distance of 2.3365(3) Å (Table 3.1). 
Exposure of complex 3 to elemental bromine resulted in an immediate color change from 
orange to dark green. Characterization by 1H NMR spectroscopy of the dark green product, 4, 































for the iPr methyl groups, and one septet integrating to 4H for the iPr methine protons, shifted to 
1.19, 0.85, and 2.98 ppm, respectively, from the starting material 3 (Figure 3.2). This finding is 
consistent with the molecular structure of 4 being (DIPPCCC)NiBr3. This reaction represents a 
unique two-electron oxidation of nickel by bromine, as previous examples only resulted in the 
one-electron oxidized product.18−21 
Crystals of 4 suitable for X-ray analysis were grown by slow evaporation of a benzene 
solution at room temperature (Figure 3.1). Upon refinement, an octahedral NiIV complex with the 
predicted formulation (DIPPCCC)NiBr3 was observed, similar to complex 2. In addition, the 
Ni−ligand bond distances in the plane of the pincer platform have elongated (Table 3.1), as 
observed in the case of the oxidation of 1 to 2. Finally, structural parameters of the ligand 
compared in 3 and 4 indicate there is no radical character in the ligand (Figure 3.13), as observed 
for 1 and 2. This route to access the desired NiIV complex produces complex 4 in near 
quantitative yield (97%). 
 
Scheme 3.3 Reaction scheme for the synthesis of (DIPPCCC)NiBr3 (4) from 3 
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Following the isolation of 4 by addition of elemental bromine, we explored the viability 
of employing the bromine surrogate benzyltrimethylammonium tribromide (BTMABr3) as the 
oxidant. Upon exposure of 3 to BTMABr3, an immediate color change from orange to dark green 
was noted (Scheme 3.3) and the formation of 4 was confirmed by 1H NMR spectroscopy. The 
use of BTMABr3 is a convenient way to access complex 4 in excellent yield (96%), as it does not 
require weighing elemental bromine or preparing standard stock solutions. In addition, PhICl2 
and BTMABr3 are safer alternatives to elemental halides and can be easily handled in a 
glovebox. 
 
Figure 3.2 Comparison of the 1H NMR spectra of 3 (black) and 4 (green) in THF-d8(*) 
 
Interested in assessing the stability of the NiIV compounds, a solution of 2 in THF was 
analyzed after 1.5 h at room temperature by 1H NMR spectroscopy. The spectrum revealed 
reduction of the trihalide to form approximately 1/3 equiv of 1. The observation of green crystals 
along the walls of the NMR tube suggested the remainder of the complex had formed the 
previously reported paramagnetic compound [H3(DIPPCCC)][NiCl4].15 This observation is 
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consistent with the release of Cl2 (or two ·Cl), which, upon reacting with THF, forms HCl.22−24 
Subsequent reaction of 1 with HCl results in the formation of [H3(DIPPCCC)][NiCl4].15 
Interestingly, it is possible to regenerate the 2 from 1 present in the reduced mixture upon 
treatment with additional PhICl2. In contrast, a THF solution of compound 4 was found to be 
stable in air for over 24 h. Heating a sample of 4 in THF-d8 at 50°C for 6 h resulted in a 10% 
reduction of 4 to the NiII species, 3 (Figure 3.14). After 24 h of heating, only 32% of 4 was 
reduced to form 3, and no other products were observed (Figure 3.15). 
In order to explore the possible involvement of NiIII in the oxidation of 3 to 4, complex 3 
was reacted with 1/2 equiv of BTMABr3. Monitoring of the reaction by 1H NMR spectroscopy 
revealed the presence of equimolar amounts of 3 and 4 with no observable paramagnetic species 
that would be consistent with NiIII formation. This finding, as well as the clean decomposition 
via thermolysis, suggests a preference for oxidizing or reducing the nickel center by two 
electrons, respectively, as opposed to a one-electron oxidation route. This result does not rule out 
the possibility of the formation of a transient NiIII species, which subsequently disproportionates 
to form 1/2 equiv of 4 and 1/2 equiv of 3, although such a pathway is unlikely. 
Kraft reported the formation of a bis(carbene) palladium complex, (NHC)2PdIVCl4, that 
was capable of chlorinating alkenes and alkynes.25 Given the rather clean reduction chemistry of 
2 to 1 and 4 to 3, we investigated the ability of complex 4 to transfer Br2 (or two ·Br) to an 
organic substrate. The addition of styrene (100 equiv) to a THF solution of 4 resulted in the 
formation of (1,2-dibromoethyl)benzene in 87% yield (as determined by 1H NMR spectroscopy) 
suggesting the ease with which 4 can transfer halogens to a substrate (Table 3.2). The 
bromination of cyclohexene proceeded with complete conversion of 4 to 3. The brominated 
product was observed in 71% yield (assayed by 1H NMR spectroscopy) with trace amounts of 
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the corresponding halohydrin present (GC−MS). Independently prepared samples of the 
dibrominated products confirmed the major product formation.26 Reaction of 4 with 2-
mesitylmagnesium bromide resulted in formation of mesityl bromide and mesitylene, as well as 
trace amounts of the homocoupled biaryl product (GC−MS).  
 
Table 3.2 Reactivity of 4 with organic substrates 
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Interestingly, the reaction of 4 with 1 equiv of lithium hexamethyldisilazide 
((Me3Si)2NLi) resulted in the analogous formation of (Me3Si)2NBr and (Me3Si)2NH. Based on 
the observed reduction of 4 to 3 and subsequent transfer of halogen to substrates, we propose that 
the NiIV complexes are undergoing a concerted reductive elimination followed by halogenation 
of the alkene or other organic substrate, however, radical reactivity cannot be ruled out. 
3.3 Conclusions 
The described results confirm the ability of the electron-rich (DIPPCCC) pincer ligand to 
stabilize higher oxidation states at nickel. This report represents the first example of isolation of 
formal NiIV organometallic complexes supported by a monoanionic bis(carbene) pincer ligand 
and obtained via oxidation with halogen and halogen surrogates. In addition, the coordination of 
halide ligands to the NiIV metal center allows for possible ligand exchange to promote bond 
formation via reductive elimination pathways, featuring a NiII/NiIV redox couple. 
3.4 Experimental Section 
General Considerations. All air and moisture-sensitive manipulations were performed using an 
MBraun inert atmosphere drybox with an atmosphere of nitrogen. The MBraun drybox was 
equipped with two -35 ˚C freezers for cooling samples and crystallizations. Solvents for sensitive 
manipulations were dried and deoxygenated on a Glass Contour System (SG Water USA, 
Nashua, NH) and stored over 4 Å molecular sieves purchased from Strem following literature 
procedure prior to use.27 (DIPPCCC)NiCl15 and iodobenzene dichloride (PhICl2)28 were prepared 
as previously reported. Sodium thiophenolate (technical grade, 90%), bromine, styrene, 
cyclohexene, 2-mesitylmagnesium bromide 1.0 M in THF, and 2,4,6-
triisopropylphenylmagnesium bromide 0.5 M in THF were purchased from Sigma-Aldrich and 
used as received. Benzyltrimethylammonium tribromide was purchased from Oakwood 
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Chemical and used as received. Lithium hexamethyldisilazide was purchased from Sigma-
Aldrich and recrystallized from toluene under inert atmosphere before use. NMR solvent (THF-
d8, benzene-d6) were purchased from Cambridge Isotope Laboratories, degassed, and dried with 
4 Å molecular sieves. 
1H and 13C NMR spectra were recorded on a Varian spectrometer operating at 400 MHz 
and 500 MHz (1H NMR), and 100 MHz and 126 MHz (13C NMR) at ambient temperature. All 
chemical shifts were reported relative to the peak of the residual solvent as a standard (THF-d8: 
1H NMR δ 3.58, 1.73; 13C NMR δ 67.21, 25.1; benzene-d6: 1H NMR δ 7.16). Electrochemical 
experiments were carried out using a CH Instruments CHI410C Electrochemical Workstation. 
The supporting electrolyte was 0.1 M [nBu4N][PF6] in dichloromethane. Cyclic voltammetry was 
performed with a scan rate of 100 mV/s. Each scan was referenced to an external Fc/Fc+ couple 
for a ferrocene sample analyzed under identical conditions. Mass Spectrometry analyses were 
performed by the University of Illinois at Urbana-Champaign Mass Spectrometry Laboratory. 
Elemental analyses were performed by the University of Illinois at Urbana-Champaign School of 
Chemical Sciences Microanalysis Laboratory in Urbana, IL. X-ray analyses were performed at 
the George L. Clark X-Ray Facility and 3M Material Laboratory at the University of Illinois at 
Urbana-Champaign, using a Bruker D8 Venture Duo or Bruker X8ApexII diffractometer. 
Analysis by Gas Chromatography Mass Spectrometry (GC-MS) was performed using a 
Shimadzu GC-2010 Plus Gas Chromatograph equipped with a Shimadzu GCMS-QP2010 SE 
mass spectrometer using electron impact ionization (EI) after traveling through a SH-RxiTM-5ms 
30m x 0.32 mm x 0.25 µm column with helium carrier gas. 
(DIPPCCC)NiCl (1). 1H NMR (400 MHz, THF-d8) δ 8.19 (d, J = 8.2 Hz, 2H, Ar-CH), 7.56 (d, J 
= 7.8 Hz, 2H, Ar-CH), 7.46 (t, J = 7.8 Hz, 2H, Ar-CH), 7.38 – 7.31 (m, 3H, Ar-CH), 7.25 (t, J = 
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7.7 Hz, 2H, Ar-CH), 7.16 (d, J = 7.8 Hz, 4H, Ar-CH), 6.84 (d, J = 7.8 Hz, 2H, Ar-CH), 2.47 
(sept, J = 6.8 Hz, 4H, iPr-CH), 1.21 (d, J = 6.8 Hz, 12H, iPr-CH3), 0.88 (d, J = 6.8 Hz, 12H, iPr-
CH3). 
Synthesis of (DIPPCCC)NiCl3 (2). A scintillation vial is charged with (DIPPCCC)NiCl (25.0 mg, 
0.035 mmol), PhICl2 (9.7 mg, 0.035 mmol), and a stir bar and cooled to -35 °C. Approximately 2 
mL of cold THF (-35 °C) is added, resulting in a color change from orange to purple. The 
reaction is stirred for 2 minutes after the addition of THF and subsequently solvents are removed 
in vacuo to afford a purple residue. To the residue, 5 mL of cold diethyl ether (-35 °C) is added 
and the resulting suspension is then filtered over a pad of CeliteTM and washed with cold diethyl 
ether. The diethyl ether filtrate is discarded and the purple solid flushed with cold THF. Drying 
of the purple solution in vacuo furnishes (DIPPCCC)NiCl3 (20.9 mg, 0.026 mmol, 76%) as a 
purple solid. Crystals suitable for X-ray diffraction were grown from vapor diffusion of pentane 
into a solution of 2 in benzene/THF at (-35 °C). 1H NMR (500 MHz, THF-d8) δ 8.42 (d, J = 8.1 
Hz, 2H, Ar-CH), 7.96 (d, J = 7.8 Hz, 2H, Ar-CH), 7.58 (t, J = 7.7 Hz, 2H, Ar-CH), 7.44 – 7.37 
(m, 5H, Ar-CH), 7.23 (d, J = 7.7 Hz, 4H, Ar-CH), 7.06 (d, J = 8.1 Hz, 2H, Ar-CH), 2.80 (sept, J 
= 6.7 Hz, 4H, iPr-CH), 1.14 (d, J = 6.7 Hz, 12H, iPr-CH3), 0.84 (d, J = 6.8 Hz, 12H, iPr-CH3). 
Thermal instability of 2 and reduced solubility at lower temperatures precluded characterization 
by 13C NMR spectroscopy and CHN analysis. 
Synthesis of (DIPPCCC)NiBr (3). A scintillation vial is charged with (DIPPCCC)NiCl (50.0 mg, 
0.069 mmol), sodium thiophenolate (13.7 mg, 0.104 mmol), a stir bar, and approximately 7 mL 
of THF. A color change from orange to dark red is noted. The suspension is stirred for 15 min at 
room temperature and subsequently filtered over a pad of CeliteTM. Solvents are then removed 
under reduced pressure and the resulting solid residue is taken up in benzene and filtered over a 
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pad of CeliteTM. The filtrate is concentrated under reduced pressure to afford (DIPPCCC)NiSPh. 
The solid is dissolved in approximately 6 mL of THF and 0.76 mL of aqueous HBr (0.1 M, 0.076 
mmol) is added dropwise. The resulting solution is transferred to a separatory funnel, followed 
by the addition of 25 mL of toluene and 20 mL of water. After shaking vigorously, the organic 
layer is collected and dried with anhydrous Na2SO4, then evaporated under reduced pressure. 
The resulting orange solid is washed with copious pentane over a pad of CeliteTM, subsequently 
flushed with THF and dried in vacuo to afford (DIPPCCC)NiBr (42.0 mg, 0.047 mmol, 79%) as an 
orange solid. Crystals suitable for X-ray diffraction were grown from vapor diffusion of diethyl 
ether into a solution of 3 in THF at room temperature. 1H NMR (400 MHz, THF-d8) δ 8.21 (d, J 
= 8.2 Hz, 2H, Ar-CH), 7.60 (d, J = 7.8 Hz, 2H, Ar-CH), 7.48 (t, J = 7.7 Hz, 2H, Ar-CH), 7.41 – 
7.32 (m, 3H, Ar-CH), 7.27 (t, J = 7.6 Hz, 2H, Ar-CH), 7.17 (d, J = 7.8 Hz, 4H, Ar-CH), 6.86 (d, 
J = 8.1 Hz, 2H, Ar-CH), 2.46 (sept, J = 6.9 Hz, 4H, iPr-CH), 1.23 (d, J = 6.8 Hz, 12H, iPr-CH3), 
0.86 (d, J = 6.9 Hz, 12H, iPr-CH3). 13C NMR (101 MHz, THF-d8) δ 185.71, 150.97, 148.11, 
146.13, 138.89, 133.99, 130.14, 130.03, 125.71, 125.40, 124.25, 124.09, 112.96, 112.09, 109.16, 
29.34, 24.61 23.87. Anal. Calcd for C44H45N4Ni+: 687.2998. HR-MS (ESI+): 687.2977. 
Synthesis of (DIPPCCC)NiBr3 (4) by Method A: Reaction of (DIPPCCC)NiBr (3) with 
bromine. A scintillation vial, (DIPPCCC)NiBr (25.0 mg, 0.033 mmol) is dissolved in 
approximately 3 mL of THF. A drop of Br2 (~10 mg, 0.063 mmol) is then added to the orange 
solution, resulting in an immediate color change to dark green. The resulting solution was stirred 
at room temperature for 5 min and then the solvent was removed under reduced pressure to 
afford a dark green residue. The green residue is triturated with pentane, filtered over a pad of 
CeliteTM, and washed with copious pentane to ensure removal of excess bromine. The remaining 
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solid is then flushed with THF and dried in vacuo to afford  (DIPPCCC)NiBr3 (29.3 mg, 0.0316 
mmol, 97 %) as a dark green solid. 
Synthesis of (DIPPCCC)NiBr3 (4) by Method B: Reaction of (DIPPCCC)NiBr (3) with 
BTMABr3. A scintillation vial is charged with (DIPPCCC)NiBr (25.0 mg, 0.033 mmol), 
BTMABr3 (13.0 mg,  0.033 mmol), and approximately 1.5 mL of THF. The resulting dark green 
solution is stirred for 5 minutes at room temperature. The green solution is filtered through a 
Pasteur pipette packed with silica to remove the benzyltrimethylammonium bromide byproduct, 
using THF as the eluent. The filtrate is dried in vacuo to furnish (DIPPCCC)NiBr3 (29.0 mg, 31.2 
mmol, 96 %) as a dark green solid.  
Crystals suitable for X-ray diffraction were grown from slow evaporation of a solution of 
4 in benzene at room temperature.1H NMR (400 MHz, THF-d8) δ 8.51 (d, J = 8.3 Hz, 2H, Ar-
CH), 8.12 (d, J = 7.9 Hz, 2H, Ar-CH), 7.61 (t, J = 7.7 Hz, 2H, Ar-CH), 7.51 (t, J = 7.9 Hz, 1H, 
Ar-CH), 7.43 (t, J = 7.4 Hz, 4H, Ar-CH), 7.25 (d, J = 7.8 Hz, 4H, Ar-CH), 7.07 (d, J = 8.2 Hz, 
2H, Ar-CH), 2.98 (sept, J = 6.5 Hz, 4H, iPr-CH), 1.19 (d, J = 6.6 Hz, 12H, iPr-CH3), 0.85 (d, J = 
6.8 Hz, 12H, iPr-CH3). 13C NMR (126 MHz, THF-d8) δ 179.93, 149.32, 147.59, 143.67, 138.89, 
132.87, 132.13, 130.58, 127.40, 125.96, 124.97, 124.60, 114.50, 113.37, 113.34, 29.19, 25.65, 
24.18. Anal. Calcd for C44H45N4NiBr3: C, 56.93; H, 4.89; N, 6.04. Found: C, 57.28; H, 4.84; N, 
6.01. 
Information for  Table 3.2. For the analysis of products in the reactivity table (Table 3.2), the 
resulting products were matched by molecular ion mass and fragmentation pattern from GC-MS 
instrumentation. 
Reaction of 4 with styrene and cyclohexene. A 20 mL scintillation vial was charged with 
complex 4 (7.5 mg, 0.0081 mmol), substrate (84.1 mg styrene or 66.4 mg cyclohexene) (0.81 
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mmol), a stir bar and approximately 2 mL of THF. [1] = 0.04 M, [susbtrate] = 0.40 M. The 
reaction was stirred at room temperature for 24 h, and volatiles were removed under reduced 
pressure, and durene was added as an internal standard before taking the 1H NMR spectrum in 
THF-d8. An aliquot of the reaction was analyzed by GC-MS to determine the products of the 
reaction. 
Reaction of 4 with 2-mesitylmagnesium bromide and lithium hexamethyldisilazide. A 20 
mL scintillation vial was charged with complex 4 (5.0 mg, 0.0054 mmol), substrate (5.5 µL 2-
mesitylmagnesium bromide 1.0 M in THF or 0.9 mg LiN(SiMe3)2) (0.0054 mmol), a stir bar and 
approximately 0.6 mL of benzene-d6. A color change to orange was immediately noted. The 1H 
NMR spectra of the reactions were recorded. In addition, the reactions were analyzed by GC-MS 
to determine the products of the reaction. 
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3.5 Supporting Figures and Table 
 
Figure 3.3 Cyclic voltammogram of  (DIPPCCC)NiCl (1). 1.0 mM 1 in DCM. 100 mM 








Figure 3.4 1H NMR spectrum of 1 in THF-d8 (δ 3.58, 1.73) 
 





Figure 3.6 1H NMR spectrum of reaction of 1 with PhICl2 in THF-d8 (δ 3.58, 1.73). 
PhI: 7.70 (d, 2H), 7.33 ppm (t, 1H), 7.11 (t, 2H) 
 
























Figure  3.12 1H NMR spectra of 4 in benzene-d6 (δ 7.16) 
 
 
Figure 3.13 Bond lengths comparison of 3 (black) and 4 (green) 
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Figure 3.16 1H NMR spectrum of reaction 4 with styrene in THF-d8 (δ 3.58, 1.73). 
(1,2-dibromoethyl)benzene: 5.31 ppm (1H); 4.15 ppm, (2H). 




Figure 3.17 1H NMR spectrum of reaction 4 with cyclohexene in THF-d8 (δ 3.58, 1.73). 
















































































































Figure 3.18 1H NMR spectrum of reaction 4 with 2-mesitylmagnesium bromide (1 equiv) in 
benzene-d6 (δ 7.16). 2-bromomesitylene: 6.60 ppm, 2H; 2.27 ppm, 6H; 1.97 ppm, 3H. 

































































Figure 3.19 1H NMR spectrum of reaction 4 with LiN(SiMe3)2 (1 equiv) in benzene-d6 (δ 7.16). 
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Synthesis and Characterization of Palladium Pincer Bis(carbene) CCC Complexes 
 
4.1 Introduction 
Pincer ligands usually confer desirable properties for a catalyst on the resulting palladium 
complex such as high thermal stability, increased water- and air-stability, and important qualities 
that make the handling on this compounds relatively easy.1   Ligation of palladium to a ECE type 
pincer ligand (E = N, O, S, P), those that will feature a C–Pd linkage, usually involves the 
oxidative addition of a Pd0 source onto a C–X (X = Br, I).2–4 Alternatively, on pincer platforms 
that feature a C–H instead of a C–X bond, metalations are carried out via C-H activation with a 
PdII source. 5–7 Even though the field of palladium pincer complexes has been extensively 
explored, there are no reports of the synthesis and isolation of palladium complexes bearing the 
monoanionic DIPPCCC ligand platform. With the goal of preparing a palladium analog to the 
previously reported (DIPPCCC)NiX (X = Cl, Br)8 to both explore differences in reactivity between 
the nickel and palladium complexes, as well as possible isolation of intermediates relevant to 
catalysis with either complexes, we set out to synthesize (DIPPCCC)PdX (X = Cl, Br) complexes. 
4.2 Results and Discussion 
Initial attempts to metalate the DIPPCCC ligand platform by oxidative addition into the 
Caryl–H bond by Pd0 sources (Pd(PPh3)4 and Pd2(dba)3) did not result in the isolation of the 
expected (DIPPCCC)PdH. We then turned our attention to the of metalation of the DIPPCCC 
platform via redox-neutral Caryl–H activation with PdII sources, as we have previously had 
success metalating the ligand platform with NiII sources to form the corresponding 
(DIPPCCC)NiCl. Reacting one equivalent of [H3(DIPPCCC)]Cl2 with 1 equiv of PdX2 (X = Cl, 
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OAc) with and 2.1 equiv of LiN(SiMe3)2 in DCM at room temperature resulted in the formation 
of a tan solid after workup. 
 
 
Scheme 4.1 Metalation of DIPPCCC platform with palladium 
 
Characterization of the solid resulting from the reaction of either metal-starting materials 
produced the same products as assayed by 1H NMR spectroscopy, suggesting the products bears 
a chloride ligand. The 1H NMR spectrum was consistent with the formation of the desired metal 
complex, (DIPPCCC)PdCl (1), as confirmed by the absence of the resonance corresponding to the 
Caryl–H. However, analysis of 1H NMR spectrum also featured downfield resonances 
corresponding to a second product with benzimidazolium protons, which suggested the 
incomplete deprotonation of the ligand platform. Optimization of the reaction conditions led us 
to employ Pd(OAc)2 as the metal source of choice, and addition of 3.1 equiv of LiN(SiMe3)2 in 
dichloromethane at room temperature, which furnished complex 1 in 84% yield (Scheme 4.1) 
Characterization of 1 by 1H NMR spectroscopy revealed a spectrum consistent with the 
formation of the monomeric species (Figure 4.4). Two doublets integrating to 12H each were 
located at 1.20 and 0.91 ppm, corresponding to the iPr methyls of the flanking aryl substituents. 
Additionally, one septet at 2.40 ppm integrating to 4H signaled symmetric coordination of the 
ligand framework. Aromatic resonances integrating to a total of 17H was assigned as the aryl 





















also confirmed the formation of the desired PdII–Cl (Figure 4.1). Selected bond angles and 
distances are shown in Table 4.1.  
The procedure to ligate Pd into the DIPPCCC ligand platform represents a mild metalation 
method compared to the preparation of other Pd pincer complexes that require the activation of a 
Caryl–H.  These systems were usually refluxed at temperatures above 100ºC for long reaction 
times.9–12 
Interested in comparing the reactivity of complex 1 with its analog (DIPPCCC)NiCl,13 we 
explored the reactivity of the Pd complex with the two-electron oxidant PhICl2 (Scheme 4.2). 
Upon addition of PhICl2, an immediate color change from light to bright yellow was observed. 
Characterization by 1H NMR spectroscopy (Figure 4.6) revealed the formation of a new 
diamagnetic species, with concomitant formation of PhI. The bright yellow product featured the 
signature resonances of the iPr groups at 2.68 (4H), 1.23 (12H), and 0.85 ppm (12H), all shifted 
from the resonances of the starting complex 1. We assigned the product as (DIPPCCC)PdCl3 (2). 
Single crystals of 2 suitable for X-Ray crystallography revealed an octahedral coordination 
around PdIV metal center, featuring two new chloride ligands bound to the metal center.  
 
 
Scheme 4.2 Oxidation of (DIPPCCC)PdCl (1) to form (DIPPCCC)PdCl3 (2) 
 
Comparison of the structural parameters of complexes 1 and 2 revealed no significant 

















oxidizing (DIPPCCC)NiCl to (DIPPCCC)NiCl3 resulted in an slight elongation of the ligands 
around the Ni center, although a contraction is initially expected due to the increase in charge at  
 
 
Figure 4.1. Molecular structures of 1 and 2 shown with 50% probability ellipsoids. Solvent 
molecules and H-atoms have been omitted for clarity 
 
Table 4.1 Selected structural parameters of complexes 1 and 2 
 
 
the Ni metal center.13 We attribute this difference observed between NiII/IV and PdII/IV to the size 
difference of Ni and Pd. The elongation of the bond lengths around the Ni center is attributed to 
the change in coordination environment from square planar to octahedral, requiring to make 
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room for the two new chloride ligands. The larger Pd metal center, however, can accommodate 
the two new chloride ligands upon oxidation without significantly changing the distances 
observed in the square planar PdII complex. Moreover, comparison of bond lengths of the 
DIPPCCC ligand backbone revealed no significant changes in the ligand platform, precluding the 
possibility of a ligand-centered radical and rendering the Pd center in complex 2 in the formal +4 
oxidation state. 
Having previously oxidized (DIPPCCC)NiBr complex to (DIPPCCC)NiBr3 via reaction with 
elemental bromine, we sought to determine if similar reactivity would occur for the case of Pd. 
Interestingly, while exchange of the chloride ligand for a bromide ligand in (DIPPCCC)NiCl was 
not successful via reaction with NaBr in THF, this reaction was successful in the case of 
complex 1 to obtain complex 3, (DIPPCCC)PdBr in 92% yield after workup. Characterization of 
complex 3 by 1H NMR spectroscopy revealed two doublets integrating to 12H each were located 
at 1.22 and 0.90 ppm, and a septet integrating to 4H at 2.38 ppm corresponding to the iPr moiety, 
slightly shifted from the starting complex 1 (1.20, 0.91, and 2.40 ppm respectively). 
Additionally, the expected number of resonances was observed in the aromatic region of the 1H 
NMR spectrum (Figure 4.8). 
Reacting complex 3 with elemental bromine resulted in the isolation of an orange solid 
after workup (Scheme 4.3). The 1H NMR spectrum of the product featured shifted resonances to 
those of 3, similar to the changes in chemical shifts observed upon oxidation of 1 to 2 (Figure 
4.10). The two doublets signature of the diisopropylphenyl flanking group at 1.28 and 0.85 ppm 
integrating to 12H each, and the septet at 2.79 ppm integrating to 4H were shifted from those 
observed in complex 2 (1.22, 0.90, 2.38 ppm, respectively). The product was assigned as 
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(DIPPCCC)PdBr3 (4). Both complexes 3 and 4 were crystallographically characterized (Figure 4.2) 
and  selected bond distances and angles are shown in Table 4.2.  
 
Figure 4.2 Molecular structures of 3 and 4 shown with 50% probability ellipsoids. Solvent 
molecules and H atoms have been omitted for clarity 
 
Table 4.2 Selected structural parameters of complexes 3 and 4 
 
 
As observed in the case of the oxidation from 1 to 2, the oxidation of 3 to 4 did not result 
in significant bond length changes around the Pd coordination sphere. Moreover, structural 
parameters of the DIPPCCC platform in 3 and 4 also indicate there is no radical character in the 
ligand scaffold. Oxidation of complex 3 to 4 can also be achieved by treatment of 3 with one 
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equivalent of BTMABr3 in DCM. Although complexes 1-4 are not air- or moisture-sensitive, the 
use of the bromine surrogate BTMABr3, as well as the chlorine surrogate PhICl2 allow for 




Scheme 4.3 Synthesis of (DIPPCCC)PdBr3 (4) from (DIPPCCC)PdBr (1) 
 
Surprisingly, attempts to isolate PdIV species with other hypervalent iodide two-electron 
oxidants was not successful (Ph2ICl, PhI(OAc)2, PhI(OOCCF3)2. This type of reagents, such as 
the previously mentioned PhICl2, are usually powerful enough to oxidize the Pd metal center.14,15 
We hypothesize that there is a strong preference for halide ligands, hampering the oxidation 
when other oxidants featuring weakly coordinating anions are employed. The reaction of 
complexes 1 or 3 with PhI(OAc)2 and SelectFluorTM did not result in the formation of PdIV 
species. However, reaction of 3 in the presence of 2 equiv of Br- (NaBr or BTMABr) followed 

























observed reactivity is rationalized by the oxidation of Br- to form Br2, which then oxidizes the Pd 
center to form the expected PdIV product. 
 
 
Scheme 4.4 Oxidation of (DIPPCCC)PdBr (3) with Br- sources and SelectFluorTM 
 
To explore the possible formation of a PdIII complex, 3 was reacted with ½ equiv of 
BTMABr3. The 1H NMR spectrum of the reaction displayed equimolar amounts of 3 and 4, with 
no observable paramagnetic species consistent with the formation of PdIII, similar to the results 
obtained when reacting (DIPPCCC)NiBr with ½ of BTMABr3.  
The PdIV complexes 2 and 4 were stable at room temperature for over 24 hours in 
halogenated solvents (DCM, Chloroform) and THF, with no reduction to PdII observed. In 
contrast, (DIPPCCC)NiCl3 readily degrades in halogenated solvents. Finally, to assess the ability 
of 4 transfer Br2 to a substrate and cleanly form the reduced PdII product, 3 was assessed by the 
reaction with excess styrene. Reaction of 1 equiv of 4 with 5 equiv of styrene in CDCl3 resulted 
in complete reduction of 4 to 3, as well as the formation of 1 equiv of (1,2-
dibromoethyl)benzene, showcasing similar reactivity to (DIPPCCC)NiBr3 and to other PdIV 
complexes.16 
4.3 Conclusions 
In summary, the metalation of the DIPPCCC ligand platform with Pd was achieved under 





















addition of 3.1 equiv of LiN(SiMe3)2. The complexes (DIPPCCC)PdX (X = Cl, Br) were oxidized 
by two-electron oxidants PhICl2, Br2, and BTMABr3. Although other oxidants suitable for 
oxidizing PdII pincer complexes (PhI(OAc)2, SelectFluorTM) did not result in the expected PdIV 
complexes, the use addition of a Br- source and a two-electron oxidant still represents a viable 
way to access high-valent Pd complexes. Compounds 1-4 were crystallographically 
characterized and analysis of structural parameters around the ligand scaffold show no evidence 
of a ligand centered radical, rendering the metal center in 2 and 4 a formal PdIV oxidation state. 
Moreover, the (DIPPCCC)PdIV complexes are more stable than their nickel counterparts, as 
expected. Finally, addition of styrene resulted in the clean reduction of PdIV to PdII, along with 
the formation of the halogenated alkene. The oxidation of 1 and 3 to afford 2 and 4 respectively, 
along with the observation of PdIV and PdII upon reaction with 2-electron oxidants as opposed to 
formation of PdIII species, and clean reduction of PdIV to PdII make (DIPPCCC)PdX (X = Cl, Br) 
great platforms to compare the reactivity between nickel and palladium DIPPCCC complexes. 
4.4 Experimental Section 
General Considerations. All air and moisture-sensitive manipulations were performed using an 
MBraun inert atmosphere drybox with an atmosphere of nitrogen. The MBraun drybox was 
equipped with two -35 ˚C freezers for cooling samples and crystallizations. Solvents for sensitive 
manipulations were dried and deoxygenated on a Glass Contour System (SG Water USA, 
Nashua, NH) and stored over 4 Å molecular sieves purchased from Strem following literature 
procedure prior to use.17 Iodobenzene dichloride (PhICl2)18 were prepared as previously reported. 
PdCl2, Pd(OAc)2, bromine and styrene were purchased from Sigma-Aldrich and used as received. 
Benzyltrimethylammonium tribromide was purchased from Oakwood Chemical and used as 
received. Lithium hexamethyldisilazide was purchased from Sigma-Aldrich and recrystallized 
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from toluene under inert atmosphere before use. NMR solvent (CDCl3, THF-d8, benzene-d6) 
were purchased from Cambridge Isotope Laboratories, degassed, and dried with 4 Å molecular 
sieves. 
1H and 13C NMR spectra were recorded on a Varian spectrometer operating at 400 MHz 
and 500 MHz (1H NMR), and 100 MHz and 126 MHz (13C NMR) at ambient temperature. All 
chemical shifts were reported relative to the peak of the residual solvent as a standard (CDCl3: 
1H NMR δ 7.26; THF-d8: 1H NMR δ 3.58, 1.73; 13C NMR δ 67.21, 25.1; benzene-d6: 1H NMR δ 
7.16). Mass Spectrometry analyses were performed by the University of Illinois at Urbana-
Champaign Mass Spectrometry Laboratory. Elemental analyses were performed by the 
University of Illinois at Urbana-Champaign School of Chemical Sciences Microanalysis 
Laboratory in Urbana, IL. X-ray analyses were performed at the George L. Clark X-Ray Facility 
and 3M Material Laboratory at the University of Illinois at Urbana-Champaign, using a Bruker 
D8 Venture Duo or Bruker X8ApexII diffractometer. 
Synthesis of (DIPPCCC)PdCl (1). In the glovebox, a scintillation vial is charged with the 
benzimidaziolium salt [H3(DIPPCCC)]Cl2 (50.0 mg, 0.071 mmol), Pd(OAc)2 (16.0 mg, 0.071 
mmol), a stir bar, and approximately 6 mL of dichloromethane. A separate vial, LiNTMS2 (36.9 
mg, 0.22 mmol) was dissolved in 4 mL of dichloromethane, and this solution was added 
dropwise to the Pd(OAc)2 and benzimidaziolium salt mixture. The reaction was stirred for 2 h at 
room temperature, after which time the solvents were removed under reduced pressure. The 
resulting solid residue is brought out of the glovebox and suspended in hexanes. The suspension 
is centrifuged and the supernatant disposed. After 3 more rounds of hexanes washes, the 
resulting solid is taken up in dichloromethane and the resulting mixture is filtered over a pad of 
CeliteTM. Solvents is then removed under reduced pressure to afford (DIPPCCC)PdCl as a tan 
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solid in good yields (46.1 mg, 0.060 mmol, 84%). Crystals suitable for X-Ray analysis were 
obtained via vapor diffusion of diethyl ether into a THF solution of (DIPPCCC)PdCl. 1H NMR 
(500 MHz, CDCl3) δ 8.09 (d, J = 8.3 Hz, 2H, Ar-CH), 7.63 (d, J = 8.0 Hz, 2H, Ar-CH), 7.52–
7.49 (m, 3H, Ar-CH), 7.41 (t, J = 7.8 Hz, 2H, Ar-CH), 7.30 (t, J = 7.7 Hz, 2H, Ar-CH), 7.22 (d, J 
= 7.8 Hz, 4H, Ar-CH), 6.96 (d, J = 8.1 Hz, 2H, Ar-CH), 2.40 (sept, J = 6.9 Hz, 2H, iPr-CH), 1.20 
(d, J = 6.8 Hz, 12H, iPr-CH3), 0.91 (d, J = 6.9 Hz, 12H, iPr-CH3). 13C NMR (126 MHz, CDCl3) δ 
188.03, 147.43, 147.09, 145.78, 136.94, 131.69, 130.34, 130.27, 125.46, 124.96, 124.04, 123.97, 
112.81, 111.64, 109.84, 28.79, 24.23, 24.13. 
Synthesis of (DIPPCCC)PdCl3 (2). In the glovebox, a scintillation vial is charged with 
(DIPPCCC)PdCl (25 mg, 0.032 mmol), a stir bar, and 3 mL of DCM. To the pale beige solution, 
PhICl2 (9.3 mg, 0.034 mmol) is added, and DCM is used to transfer the oxidant completely. A 
color change from pale beige to yellow is immediately noted. The reaction is stirred for 5 min 
and then the solvent is removed under reduced pressure. The resulting solid is washed with ether 
over a pad of CeliteTM and then flushed with DCM. Solvent is then removed under reduced 
pressure to afford (DIPPCCC)PdCl3 as a yellow solid (21.8 mg, 0.026 mmol, 81%). Crystals 
suitable for X-Ray analysis were grown by slow evaporation of a solution of (DIPPCCC)PdCl3 in 
DCM. 1H NMR (500 MHz, CDCl3) δ 8.19 (d, J = 8.3 Hz, 2H, Ar-CH), 7.88 (d, J = 8.1 Hz, 2H, 
Ar-CH), 7.64 (t, J = 8.1 Hz, 1H, Ar-CH), 7.60–7.55 (m, 2H, Ar-CH), 7.45 (t, J = 7.8 Hz, 2H), 
7.42–7.38 (m, 2H Ar-CH), 7.26 (d, J = 7.8 Hz, 4H, Ar-CH), 7.09 (d, J = 8.2 Hz, 2H, Ar-CH), 
2.68 (sept, J = 6.6 Hz, 4H, iPr-CH), 1.23 (d, J = 6.6 Hz, 12H, iPr-CH3), 0.85 (d, J = 6.9 Hz, 12H, 
iPr-CH3). 13C NMR (126 MHz, CDCl3) δ 177.16, 147.04, 146.81, 142.38, 137.09, 131.25, 
130.80, 130.29, 127.93, 125.90, 124.96, 124.27, 114.13, 113.18, 112.58, 28.72, 25.73, 24.01. 
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Synthesis of (DIPPCCC)PdBr (3). In the glovebox, a scintillation vial is charged with 
(DIPPCCC)PdCl (50 mg, 0.065 mmol), NaBr (33.3 mg, 0.33 mmol), a stir bar, and approximately 
7 mL of THF. The reaction mixture is vigorously stirred overnight at room temperature and then 
filtered over a pad of CeliteTM. The solvent is then removed under reduced pressure and the 
resulting solid is taken up in dichloromethane and filtered over a pad of CeliteTM. Removal of 
dichloromethane under reduced pressure affords the product (DIPPCCC)PdBr as a tan power (48.9 
mg, 0.060 mmol, 92%). Crystals suitable for X-Ray analysis were obtained via vapor diffusion 
of diethyl ether into a THF solution of (DIPPCCC)PdBr. 1H NMR (500 MHz, CDCl3) δ 8.10 (d, J 
= 8.3 Hz, 2H, Ar-CH), 7.64 (d, J = 8.0 Hz, 2H, Ar-CH), 7.53–7.46 (m, 3H), 7.43 (t, J = 7.8 Hz, 
2H, Ar-CH), 7.31 (t, J = 7.7 Hz, 2H, Ar-CH), 7.23 (d, J = 7.8 Hz, 4H, Ar-CH), 7.00 (d, J = 8.1 
Hz, 2H, Ar-CH), 2.38 (sept, J = 6.8 Hz, 4H, iPr-CH), 1.22 (d, J = 6.8 Hz, 12H, iPr-CH3), 0.90 (d, 
J = 6.9 Hz, 12H, iPr-CH3). 13C NMR (126 MHz, CDCl3) δ 187.72, 147.17, 147.14, 145.63, 
136.72, 132.10, 130.17, 130.15, 125.47, 124.90, 124.03, 123.93, 112.87, 111.53, 109.78, 28.68, 
24.32, 23.89. 
Synthesis of (DIPPCCC)PdBr3 (4). In the glovebox, a scintillation vial is charged with 
(DIPPCCC)PdBr (25 mg, 0.031 mmol), a stir bar, and approximately 3 mL of dichloromethane. To 
this solution, BTMABr3 (12.2 mg, 0.063 mmol) is added and the reaction is stirred at room 
temperature for 5 min. The resulting mixture is filtered through a pipette of silica gel. Removal 
of dichloromethane under reduced pressure afforded (DIPPCCC)PdBr3 as an orange solid (28.4 
mg, 0.029 mmol, 95%). Crystals suitable for X-Ray analysis were obtained via vapor diffusion 
of hexanes into a benzene/dichloromethane solution of (DIPPCCC)PdBr3. 1H NMR (500 MHz, 
CDCl3) δ 8.21 (d, J = 8.3 Hz, 2H, Ar-CH), 7.91 (d, J = 8.0 Hz, 2H, Ar-CH), 7.63–7.55 (m, 3H, 
Ar-CH), 7.45 (t, J = 7.8 Hz, 2H, Ar-CH), 7.40 (t, J = 7.6 Hz, 2H, Ar-CH), 7.27 (d, J = 8.1 Hz, 
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4H, Ar-CH), 7.11 (d, J = 7.9 Hz, 2H, Ar-CH), 2.79 (sept, J = 7.0 Hz, 4H, iPr-CH), 1.28 (d, J = 
6.7 Hz, 12H, iPr-CH3), 0.85 (d, J = 6.9 Hz, 12H, iPr-CH3). 13C NMR (126 MHz, CDCl3) δ 
174.32, 146.98, 143.07, 142.88, 137.18, 131.43, 130.92, 130.81, 127.69, 125.81, 124.76, 124.45, 
114.40, 113.00, 112.53, 77.16, 28.75, 26.00, 24.25. 
Reaction of 4 with Styrene. In a tared vial, 4 (10.0 mg, 0.010 mmol) was mixed with styrene 
(5.4 mg, 0.052 mmol) using CDCl3 as a solvent. After 18 hours, the reaction was monitored by 
1H NMR spectroscopy. 
 











4.5 Supporting Figures and Tables 
 
 



















































































































































































































































































































































































































































































































































































































































































































































































































































Table 4.3 Crystallographic parameters for complexes 1–2 
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Simple Nickel Salts as Catalysts for the Amination of (Hetero)Aryl Halides† 
 
5.1 Introduction 
 The monoarylation of ammonia is a challenging transformation that has garnered 
significant interest because of its highly valuable products.1,2 Since the initial report by Hartwig 
and coworkers, which featured a Josiphos palladium system, ligand choice has influenced many 
of the advances in this area.3 Work by Hartwig and Stradiotto expanded this cross coupling to 
nickel using Josiphos ligand derivatives.4,5 The development of copper systems in the 
monoarylation of ammonia has been plagued by harsh reaction conditions; however, judicious 
choice of ligands and additives improved results.6–8 Despite these and other important 
advances,9,10 it still remains a significant challenge to develop effective first-row transition metal 
catalysts for this coupling reaction. 
 Lithium bis(trimethylsilyl)amide (LiN(SiMe3)2), an ammonia surrogate that is easy to 
handle, has been effective in the formation of aromatic C–N bonds using palladium.11,12 More 
recently, work in our group demonstrated that a simple cobalt catalyst, (PPh3)3CoCl, could 
effectively couple LiN(SiMe3)2 with aryl halides.13 The reactivity of this cobalt catalyst inspired 
us to explore this chemistry further with other earth-abundant metal salts. Herein, we report the 
usage of simple nickel salts (NiCl2 and (PPh3)2NiCl2) in C–N coupling reactions of LiN(SiMe3)2 
and other TMS-protected amines (TMS = trimethylsilyl) with (hetero)aryl bromides and iodides 
to form the corresponding aniline and secondary amine products. This protocol does not require 
the use of privileged ligands or external reductants for catalysis to occur.   
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5.2 Results and Discussion 
 With the goal of using the simplest commercially available and relatively inexpensive 
nickel compounds, we first probed the competency of nickel(II) chloride in the cross-coupling of 
2-bromonaphthalene and LiN(SiMe3)2. The reaction (100 °C, toluene, 5 mol% NiCl2) resulted in 
the complete conversion of 2-bromonaphthalene to yield N,N-bis(trimethylsilyl)naphthalen-2-
amine as the only product (determined by GC-MS). Encouraged by this result, we screened a 
series of nickel compounds (NiCl2, NiBr2, (PPh3)2NiCl2, (PPh3)2NiBr2, NiCl2py4, (DME)NiCl2, 
Ni(COD)2), as well as Ni powder (Table 5.1). Interestingly, all the nickel reagents screened 
(except for Ni powder) yielded the cross-coupled product within 3 hours at 100 °C.  
 Intrigued by the competence of NiCl2 in the absence of ancillary ligands,14 as well as the 
shorter reaction times required for the more soluble (PPh3)2NiCl2, we narrowed our investigation 
to these two metal salts on the basis of commercial availability and cost. We sought to explore 
the capability of these two nickel sources to cross-couple PhX (X = Br, I) with LiN(SiMe3)2 in 
toluene at room temperature over a 24-hour period (Table 5.2). At 10 mol% loading, NiCl2 
showed about 3% conversion of PhI to PhN(SiMe3)2, while the less reactive PhBr resulted in no 
converstion to PhN(SiMe3)2. On the other hand, at lower loadings, (PPh3)2NiCl2 (5 mol%) 
completely converted PhI to  PhN(SiMe3)2, and at 10 mol% loading converted 23% of PhBr to 
the expected product. These results, in combination with the great performance observed for both 
NiCl2 and (PPh3)2NiCl2 at higher temperatures, suggests the solubility of the metal salt could be 
key for the success of the reaction and demonstrates that aryl iodides are more reactive than 
bromides under these conditions. 
 Additionally, the performance of (PPh3)2NiCl2 at even lower loadings (0.5 and 0.1 mol%) 
in the gram-scale coupling of 2-bromonaphthalene with LiN(SiMe3)2 was tested.  At 0.5 mol% 
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loading, the reaction was complete within 6 hours, while 0.1 mol% loading resulted in 62% 
conversion in 6 hours and complete conversion within 24 hours. Both of these reactions resulted 
in the isolation of the desired product in excellent yields. 
 Initial exploration of functional group tolerance for the cross-coupling of aryl bromides 
and iodides with LiN(SiMe3)2 revealed that (PPh3)2NiCl2 was a superior catalyst to NiCl2 both in 
terms of functional group tolerance and reaction times. This led us to develop the substrate scope 
of the reaction with (PPh3)2NiCl2 as the catalyst (Scheme 5.1). At elevated temperatures (100 °C) 
over the course of one hour, the reaction of 1-bromo-4-fluorobenzene and 1-bromo-4-
chlorobenzene, yielded 4-fluoroaniline (1a) and 4-chloroaniline (1b) selectively after workup, 
leaving both the fluoride and chloride moieties intact. As observed in the room temperature 
reactions, aryl iodides preferentially couple over aryl bromides. When 1-bromo-4-iodobenzene 
was heated to 70 °C, 4-bromoaniline (1c) was formed in excellent yield, leaving the bromide 
untouched. This allows iodides to be selectively functionalized in the presence of bromides. 
Remarkably, subjecting 1,3,5-tribromobenzene to the reaction conditions, yielded 3,5-
dibromoaniline (1d), as opposed to uncontrolled amination at all bromide sites. However, the 
reaction can be used to install multiple amine functionalities, as observed by the formation of 5-
(tert-butyl)benzene-1,3-diamine (1e) in good yields. Electron-withdrawing (1f) and electron-
donating groups (1g and 1h) were also tolerated under the optimized conditions. Furthermore, 
oxygen-, nitrogen-, and sulfur-containing functionalities (1g, 1h, and 1i), were amenable to these 
reaction conditions. Although 4-bromoaniline did not produce the desired product, the reaction 
of 4-bromoacetanilide (N-acyl-protected aniline) proceeded to form N-(4-
aminophenyl)acetamide (1l) in great yield. The reaction conditions also tolerated ester (1m) and 
alkene (1n) functionalities. Additionally, this amination protocol works in the presence of a 
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boronate ester functionality (1o), providing orthogonal reactivity to palladium-catalyzed 
methods, which require installation of the amine group prior to the boronate functionality.15  
 
 
Scheme 5.1 Scope of aryl bromides and iodides. Isolated yields are average of duplicate runs. 
a2% catalyst. bArI starting material. c18 h. d2.5% catalyst, 1,4-dioxane. e1,4-dioxane. fIsolated as 
the bis(trimethylsilyl)-protected amine 
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In order to assess radical participation in this process, we added 1.0 equiv of a radical trap 
(relative to substrate) and submitted 2-bromonaphthalene to the optimized reaction conditions 
with NiCl2 and (PPh3)2NiCl2 as catalysts. In the case of 1,4-cyclohexadiene (CHD), the reaction 
proceeded to completion without the formation of side products. Addition of 1,1-diphenylethene 
(DPE) resulted in trapping 17% of the naphthyl radical when using NiCl2, while only trapping 
3% when using (PPh3)2NiCl2. Addition of 2,6-di-tert-butyl-4-methylphenol (BHT) resulted in 
significantly diminished formation of the product using (PPh3)2NiCl2, and only trace amounts of 
product formed in the case of NiCl2, which can be attributed to the consumption of LiN(SiMe3)2 
by BHT. The reaction in the presence of BHT and excess LiN(SiMe3)2 (3.3 equiv) resulted in 
good conversion to  the product, albeit lower than the reaction without BHT, supporting our 
reasoning for the initially observed diminished performance. Additionally, the reaction was 
conducted in the absence of light with NiCl2 and (PPh3)2NiCl2. Complete conversion of 2-
bromonapthalene to the desired product excludes the possibility of photo-induced C–N bond 
coupling in both cases. Moreover, in the presence of mercury the reaction showed no diminished 
conversion to the product, discounting the possibility of nickel nanoparticles being responsible 
for the transformation. 
 Because (PPh3)2NiCl2 rendered homogeneous solutions in toluene before heating and 
exhibited great functional group tolerance, we performed a Hammett study to gain more insight 
into the operative mechanism. To this end, the initial rates of reaction for several para-
substituted bromobenzenes were measured and plots of the log(RateX/RateH) of each substrate 
versus various sigma parameters were plotted (See SI). These plots exhibited no clear 
correlations. Subsequently, we sought to determine if there were any differences in the order of 
the reagents ((PPh3)2NiCl2, LiN(SiMe3)2, and aryl bromide) under our reaction conditions for 
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two substrates with different electronics: 4-bromo-N,N-dimethylamine and 1-bromo-4-
cholorobenzene. The order of (PPh3)2NiCl2 was determined to be 0.5 for both substrates, while 
the reaction was determined to be zero-order for LiN(SiMe3)2. Interestingly, the difference arose 
in the order of the substrate, which was determined to be zero-order for 4-bromo-N,N-
dimethylaniline and first-order for 1-bromo-4-chlorobenzene. The order observed for the catalyst 
(PPh3)2NiCl2 suggests either a complex reaction mechanism or multiple nickel species 
participating to achieve the same overall C–N coupling transformation. Lastly, addition of excess 
triphenylphosphine inhibited the reaction, having a more pronounced effect on 1-bromo-4-
chlorobenzene. (Figure 5.27 and 5.28). 
 It is worth mentioning that the initial rates of reaction using (PPh3)2NiCl2 featured an 
induction period of ~3 minutes for all substrates. Based on the induction period and the order 
observed for (PPh3)2NiCl2, we turned our attention to the nickel(I) compound, 
(PPh3)2NiN(SiMe3)2, as the potential active catalyst. A key reason to assess the performance of 
this compound is that our standard catalytic conditions are similar to those reported for the 
preparation of (PPh3)2NiN(SiMe3)2.16 Therefore, independently prepared (PPh3)2NiN(SiMe3)2 
was subjected to the reaction conditions and resulted in complete conversion of 2-
bromonapththalene to the desired product within the first hour of the reaction (Table 5.1). 
Moreover, when using PhBr as a substrate and (PPh3)2NiN(SiMe3)2 as a catalyst no induction 
period was observed for this reaction (Figure 5.29). This finding suggests that the formation of 
an active Ni(I) catalyst could be responsible for the induction period observed when using 
(PPh3)2NiCl2 and that the Ni(I) species is involved in catalyzing the desired transformation. In 
order to determine the fate of the catalyst, two coupling reactions of PhBr with LiN(SiMe3)2, one 
catalyzed by (PPh3)2NiCl2, and the other catalyzed by (PPh3)2NiN(SiMe3)2 were analyzed by 1H 
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NMR spectroscopy.  After filtration and removal of volatiles, the 1H NMR spectra of both  crude 
reactions mixtures contained resonances consistent with the independently prepared 
(PPh3)2NiN(SiMe3)2 (Figures 5.2 and 5.3). This suggests the Ni(I) species (PPh3)2NiN(SiMe3)2 
could be key in catalyzing the reaction, and that (PPh3)2NiCl2 is reduced over the course of the 
reaction to form the Ni(I) complex. Moreover, no resonances corresponding to (PPh3)2NiX2 (X = 
Cl or Br) were observed in the analyzed mixtures.  
 Additionally, the room temperature reaction of PhI with LiN(SiMe3)2 at 5 mol% loading 
of (PPh3)2NiN(SiMe3)2 resulted in complete conversion within 6 hours, while at 10 mol% 
loading the reaction with PhBr resulted in 79% conversion to PhN(SiMe3)2 in 24 hours, 
exceeding the performance of (PPh3)2NiCl2 in both cases. Lastly, in the presence of radical 
scavengers, in the absence of light, and in mercury-drop experiments, the performance of 
(PPh3)2NiN(SiMe3)2 was similar to that of (PPh3)2NiCl2. 
 Although (PPh3)2NiN(SiMe3)2 is a likely candidate for the active catalyst for this 
transformation when using (PPh3)2NiCl2, it does not explain the competency of NiCl2 in toluene 
with no ancillary ligands. Ni{N(SiMe3)2}2-type species are relatively stable in hydrocarbon 
solvents,17 suggesting this type of species may be operative when no phosphines are present. 
Moreover, Ni(I) compounds of the formulation [NiN(SiMe3)2]n (n = 4) have been reported to 
form upon the decomposition of Ni{(N(SiMe3)2}2 and may also catalyze this reaction.17 Under 
these assumptions, along with the observed order of (PPh3)2NiCl2, it is also possible that Ni(II) 
catalysts with formulation LnNi{N(SiMe3)2}2 (n = 1 or 2) are also participating in this 
transformation. 
 With a greater understanding of the system and the described success of aryl halides, the 
scope of the reaction was extended to feature heterocyclic functionalities. Nitrogen, oxygen, and 
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sulfur containing heterocycles are ubiquitous in natural products and pharmaceuticals, making 
them very important moieties to explore.18 The (hetero)aryl bromides explored are shown in 
Scheme 5.2.  
 
Scheme 5.2 Scope of heteroaryl bromides. 
Isolated yields are average of duplicate runs. a1,4-dioxane.. btoluene. c2.2 equiv LiN(SiMe3)2. 
d4h. eIsolated as the bis(trimethylsilyl)-protected amine. f2.2 equiv LiN(SiMe3)2. gConversion 
determined by GC-MS. h3 h 
 
The coupling of 2-, 3-, and 4-bromopyridine (2a, 2b, and 2c respectively) were 
successfully coupled to form the aminopyridine products which are of interest because of their 
promise in treating neurological disorders.19 Subjecting of 2-bromo-5-methoxypyridine to the 
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coupling conditions yielded the product 5-alkoxypyridin-2-amine (2d) in good yield. The 5-
alkoxypyridin-2-amine functionality, found in an oncologically relevant c-Met inhibitor, was 
previously transformed from its bromide precursor to the amine by employing LiN(SiMe3)2, 
palladium, and a tailored phosphine ligand.20 Here we have achieved this transformation with a 
simple nickel salt and no tailored ligands.  This protocol was also successful with 3-
bromoquinoline (2e) and even 8-bromoquinoline (2f), a substrate not amenable to nickel 
photoredox coupling conditions.21 5-bromobenzothiophene (2g), 2-bromothiophene (2h), and 5-
bromobenzofuran (2i) were also coupled effectively. The compatibility of this protocol with 
heterocyclic functionalities is exciting for the prospects of its adoption in pharmaceutical and 
natural product synthesis. 
 To build upon the success of coupling with the ammonia surrogate LiN(SiMe3)2 and 
increase the utility of our system, the coupling of other TMS-protected amines, which serve as 
primary amine surrogates, with aryl halides was explored. Initial attempts to couple 2-
bromonaphthalene with (Me3Si)(tBu)NLi resulted in the desired C–N coupled product (GC-MS), 
but significant side product formation was also observed. On the other hand, 4-iodobiphenyl 
resulted in a much more productive reaction, therefore we explored the generalizability of these 
conditions with other TMS-protected amines (Scheme 5.3).  
 We were pleased to find that primary amines could serve as starting materials for this 
coupling by following a TMS-protection/deprotonation procedure.22 Subjecting aniline to this 
protocol, followed by the coupling conditions (Scheme 4) resulted in only the formation of the 
desired product 3a. The use of LiN(SiMe3)2 (in place of nBuLi) for the deprotonation of 
(Me3Si)(Ph)NLi also resulted in the formation of 3a in similar yield. Other TMS-protected 
amines (tert-butyl and sec-butyl, 3b and 3c, respectively) resulted in lower yields compared to 
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aniline; however, amines such as tBuNH2 are difficult to couple even under photo-redox coupling 
conditions.21 
 
Scheme 5.3 Scope of heteroaryl bromides. 
Isolated yields are average of duplicate runs. a15% catalyst. b20% catalyst. cStarting from the 
primary amine 
 
 Lastly, subjecting of the chiral (R)-1-phenylethanamine to the catalytic conditions 
resulted in isolation of the enantiopure product (3d) in modest yield under not fully optimized 
conditions. This suggests that the catalyst is not participating in β-hydride elimination/hydride 
insertion to racemize the starting chiral amine, as opposed to other transition-metal catalysts.23  
5.3 Conclusions 
 The method presented herein employs simple and inexpensive nickel sources for the 
cross-coupling of aryl bromides and iodides with the ammonia surrogate, LiN(SiMe3)2 without 
the requirement of ancillary ligands or tailored phosphines. The reaction catalyzed by 
(PPh3)2NiCl2 can be performed on gram-scale with catalyst loadings as low as 0.1 mol%. The 
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more soluble Ni sources ((PPh3)2NiCl2 and (PPh3)2NiN(SiMe3)2) are competent catalysts even at 
room temperature, making this a great method to aminate thermally sensitive substrates. Our 
investigations suggest that (PPh3)2NiN(SiMe3)2 plays a significant role in this transformation; 
however, the participation of Ni(II) species catalyzing the same reaction could not be ruled out.  
Optimization of this protocol toward primary amines is ongoing.  The amination of (hetero)aryl 
bromides featuring pyridine, quinoline, benzofuran, and (benzo)thiophene moieties, which are 
ubiquitous in natural products and pharmaceuticals, was achieved with this simple nickel system. 
5.4 Experimental Section 
General Reagent Information. All catalytic runs and metal complex manipulation were carried 
out in the absence of water and dioxygen in an MBraun inert atmosphere drybox under a 
dinitrogen atmosphere except where specified otherwise. All glassware was oven dried for a 
minimum of 8 h and cooled in an evacuated antechamber prior to use in the drybox. Celite® 545 
(J. T. Baker) was dried in a Schlenk flask for 24 h under dynamic vacuum while heating to at 
least 150˚C prior to use in a drybox. Toluene, dioxane, and benzene were dried and 
deoxygenated on a Glass Contour System (SG Water USA, Nashua, NH) and stored over 4 Å 
molecular sieves (Strem) prior to use. Solvents used for extraction and column chromatography 
were reagent grade and used as received. CDCl3 and C6D6 and DMSO-d6 were purchased from 
Cambridge Isotope Labs and were degassed and stored over 4 Å molecular sieves prior to use. 
Lithium hexamethyldisilazane (LiN(SiMe3)2) was purchased from Sigma-Aldrich and 
recrystallized from toluene under an inert atmosphere prior to use (although using 
unrecrystallized LiN(SiMe3)2, as received, did not provide inferior results). Nickel(II) chloride 
anhydrous, nickel(II) bromide anhydrous, bis(cyclooctadiene)nickel(0), (DME)NiCl2, 
(PPh3)2NiCl2 (PPh3)2NiBr2 were purchased from Strem and used as received. Nickel powder was 
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used as received from Alfa Aesar. NiCl2py4 was prepared according to a literature procedure.24 
(PPh3)2NiN(Si(Me3)2 was prepared according to a literature procedure.16 The aryl halides and 
heteroaryl bromides were used as received from Sigma, Oakwood Chemical, Alfa Aesar, and 
Ark-Pharm. 2,6-di-tert-butyl-4-methylphenol, 1,4-cyclohexadiene, and 1,1-diphenylethene were 
purchased from Sigma and used as received. n-butyllithium (1.6 M in hexanes) was obtained 
from sigma and used as received. Aniline, N-tert-butyltrimethylsilylamine, N-sec-
butyl(trimethylsilyl)amine, (R)-(+)-α-Methylbenzylamine (96% ee) were purchased from Sigma 
and used as received. N-trimethylsilylaniline was purchased from Oakwood chemical and used 
as received. 
General Analytical Information. NMR Spectra were recorded at room temperature on a Varian 
spectrometer operating at 500 MHz (1H NMR) and 126 MHz (13C NMR) and referenced to the 
residual solvent peak: CDCl3: 1H NMR δ 7.26; 13C NMR δ 77.16; DMSO-d6: 1H NMR δ 2.50; 
13C NMR δ 39.52; C6D6: 1H NMR δ 7.16. Elemental analyses were performed by the UIUC 
School of Chemical Sciences Microanalysis Laboratory. Mass spectrometry (MS) was performed 
by the UIUC Mass Spectrometry Laboratory. Electron Impact (EI) spectra were performed at 70 
eV using methane as the carrier gas on a Finnegan-MAT C5 spectrometer. Data are reported in 
the form of m/z (intensity relative to the base peak = 100). Electrospray ionization mass 
spectrometry (ESI) was recorded on a Water Q-TOF Ultima ESI instrument. Analysis by Gas 
Chromatography Mass Spectrometry (GC-MS) was performed using a Shimadzu GC-2010 Plus 
Gas Chromatograph equipped with a Shimadzu GCMS-QP2010 SE mass spectrometer using 
electron impact ionization (EI) after traveling through a SH-RxiTM-5ms 30 m x 0.32 mm x 0.25 
µm column with helium carrier gas. Gas Chromatography (GC) was performed on a Shimadzu 
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GC-2010 Plus gas chromatograph with SHRXI–MS- 15m x 0.25 mm x 0.25 µm column with 
nitrogen carrier gas and a flame ionization detector (FID). 
Nickel source screening. To a tared 20 mL vial in the glovebox was added a nickel source (See 
details below), LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 equiv), 2-bromonaphthalene (55.6 mg, 
0.27 mmol, 1.0 equiv), a magnetic stir bar and ca. 5 mL of toluene. The vial was capped and then 
placed in an aluminum heating block and heated in the glove box at 100˚C. Aliquots were taken 
every hour and analyzed by GC-MS. The results are summarized in Table 5.1. 
• 1% (PPh3)2NiCl2 (1.8 mg, 0.0027 mmol, 0.01 equiv) 
• 1% (PPh3)2NiBr2 (2.0 mg, 0.0027 mmol, 0.01 equiv) 
• 5% NiCl2 (1.7 mg, 0.013 mmol, 0.05 equiv) 
• 5% NiBr2 (2.9 mg, 0.013 mmol, 0.05 equiv) 
• 1% NiCl2py4 (1.2 mg, 0.0027 mmol, 0.01 equiv) 
• 1% (DME)NiCl2 (0.6 mg, 0.0027 mmol, 0.01 equiv) 
• 1% Ni(COD)2 (0.8 mg, 0.0027 mmol, 0.01 equiv) 
• 5% Ni powder (0.8 mg, 0.0013 mmol, 0.05 equiv) 
• 1% (PPh3)2NiN(SiMe3)2 (2.0 mg, 0.027 mmol, 0.01 equiv) 
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Table 5.1 Screening of nickel sources 
 
 
Room Temperature Reactions with PhX (X= Br, I). To a tared 20 mL vial in the glovebox 
was added a nickel source (See details below), LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 equiv), 
iodobenzene (54.8 mg, 0.27 mmol, 1.0 equiv), a magnetic stir bar, and ca. 5 mL of toluene. The 
vial was capped and then placed in an aluminum heating block and heated in the glove box at 
100˚C. Aliquots were taken after 6 and 24 hours and were analyzed by GC-MS. The results are 
summarized in Table 5.2. 
 123 
To a tared 20 mL vial in the glovebox was added a nickel source (See details below), 
LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 equiv), bromobenzene (42.1 mg, 0.27 mmol, 1.0 equiv), a 
magnetic stir bar, and ca. 5 mL of toluene. The vial was capped and then placed in an aluminum 
heating block and heated in the glove box at 100˚C. Aliquots were taken after 6 and 24 hours and 
were analyzed by GC-MS. The results are summarized in Table 5.2. 
• 10.0% NiCl2 (3.5 mg, 0.027 mmol, 0.10 equiv) 
• 5.0% (PPh3)2NiCl2 (8.8 mg, 0.013 mmol, 0.05 equiv) 
• 10.0% (PPh3)2NiCl2 (17.6 mg, 0.027 mmol, 0.10 equiv) 
• 5.0% (PPh3)2NiN(SiMe3)2 (10.0 mg, 0.013 mmol, 0.05 equiv) 
• 10.0% (PPh3)2NiN(SiMe3)2 (20.0 mg, 0.027 mmol, 0.10 equiv) 




Reactions in the dark. To a tared 20 mL vial in the glovebox, was added a nickel source (See 
details below), LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 equiv), 2-bromonaphthalene (0.27 mmol, 
1.0 equiv), a magnetic stir bar and ca. 5 mL of toluene. The vial was covered in aluminum foil, 
capped, and then placed in an aluminum heating block and heated in the glove box at 100˚C. 
Aliquots were taken after 2 hours and analyzed by GC-MS. Aliquots exhibited complete 
conversion to only to the desired product. 
• 5% NiCl2 (1.7 mg, 0.013 mmol, 0.05 equiv): >99% Conversion 
• 1% (PPh3)2NiCl2 (1.8 mg, 0.0027 mmol, 0.01 equiv): >99% Conversion 
• 1% (PPh3)2NiN(SiMe3)2 (2.0 mg, 0.0027 mmol, 0.01 equiv): >99% Conversion 
Mercury-drop experiments. To a tared 20 mL vial in the glovebox, was added a nickel source 
(See details below), LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 equiv), 2-bromonaphthalene (0.27 
mmol, 1.0 equiv), a magnetic stir bar, ca. 5 mL of toluene, and a drop of mercury. The vial was 
capped and then placed in an aluminum heating block and heated in the glove box at 100˚C. 
Aliquots were taken after 2 hours and analyzed by GC-MS. Aliquots exhibited complete 
conversion to only to the desired product. 
• 5% NiCl2 (1.7 mg, 0.013 mmol, 0.05 equiv): >99% Conversion 
• 1% (PPh3)2NiCl2 (1.8 mg, 0.0027 mmol, 0.01 equiv): >99% Conversion 
• 1% (PPh3)2NiN(SiMe3)2 (2.0 mg, 0.0027 mmol, 0.01 equiv): >99% Conversion 
Reactions in the presence of 1,4-cyclohexadiene (CHD). To a tared 20 mL vial in the 
glovebox, was added a nickel source (See details below), LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 
equiv), 2-bromonaphthalene (0.27 mmol, 1.0 equiv), 1,4-cyclohexadiene (21.5 mg, 0.27 mmol, 
1.0 equiv), a magnetic stir bar, ca. 5 mL of toluene. The vial was capped and then placed in an 
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aluminum heating block and heated in the glove box at 100˚C. Aliquots were taken after 2 hours 
and analyzed by GC-MS. Aliquots exhibited complete conversion to only to the desired product. 
• 5% NiCl2 (1.7 mg, 0.013 mmol, 0.05 equiv): >99% Conversion 
• 1% (PPh3)2NiCl2 (1.8 mg, 0.0027 mmol, 0.01 equiv): >99% Conversion 
• 1% (PPh3)2NiN(SiMe3)2 (2.0 mg, 0.0027 mmol, 0.01 equiv): >99% Conversion 
Reactions in the presence of 1,1-diphenylethene (DPE). To a tared 20 mL vial in the 
glovebox, was added a nickel source (See details below), LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 
equiv), 2-bromonaphthalene (0.27 mmol, 1.0 equiv), 1,1-diphenylethene (48.4 mg, 0.27 mmol, 
1.0 equiv), a magnetic stir bar, ca. 5 mL of toluene. The vial was capped and then placed in an 
aluminum heating block and heated in the glove box at 100˚C. Aliquots were taken after 2 hours 
and analyzed by GC-MS.  
• 5% NiCl2 (1.7 mg, 0.013 mmol, 0.05 equiv): >99% conversion, ~17% trapped naphthyl 
radical 
• 1% (PPh3)2NiCl2 (1.8 mg, 0.0027 mmol, 0.01 equiv): >99% conversion, ~3% trapped 
naphthyl radical 
• 1% (PPh3)2NiN(SiMe3)2 (2.0 mg, 0.0027 mmol, 0.01 equiv): >99% conversion, ~2% 
trapped naphthyl radical 
Reactions in the presence of 2,6-di-tert-butyl-4-methylphenol (BHT) with 1.1 equiv 
LiN(SiMe3)2. To a tared 20 mL vial in the glovebox, was added a nickel source (See details 
below), LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 equiv), 2-bromonaphthalene (0.27 mmol, 1.0 
equiv), 2,6-di-tert-butyl-4-methylphenol (59.2 mg, 0.27 mmol, 1.0 equiv), a magnetic stir bar, ca. 
5 mL of toluene. The vial was capped and then placed in an aluminum heating block and heated 
in the glove box at 100˚C. Aliquots were taken after two hours and analyzed by GC-MS.  
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Reactions in the presence of 2,6-di-tert-butyl-4-methylphenol (BHT) with 3.3 equiv 
LiN(SiMe3)2. To a tared 20 mL vial in the glovebox, was added a nickel source (See details 
below), LiN(SiMe3)2 (49.4 mg, 0.30 mmol, 1.1 equiv), 2-bromonaphthalene (0.27 mmol, 1.0 
equiv), 2,6-di-tert-butyl-4-methylphenol (59.2 mg, 0.27 mmol, 1.0 equiv), a magnetic stir bar, ca. 
5 mL of toluene. The vial was capped and then placed in an aluminum heating block and heated 
in the glove box at 100˚C. Aliquots were taken every hour for three hours and analyzed by GC-
MS.  
Preparation of (PPh3)2NiN(SiMe3)2. Prepared following a literature procedure.16 To a 20 mL 
vial in the glovebox was added (PPh3)2NiCl2 (1.570 g, 2.40 mmol, 1.0 eq), LiN(SiMe3)2 (0.845 
g, 5.05 mmol, 2.1 eq), a magnetic stir bar and ca. 15 mL of toluene. The solution was stirred and 
heated at 80 °C for 2 h before being cooled and filtered. The filtrate was reduced to 
approximately 5 mL under reduced pressure and allowed to crystallize at room temperature. 
Over the course of a day orange/yellow crystals began to form. The crystals were washed three 
times with hexanes (3 x 5 mL) in a liquid nitrogen cold well and then dried to yield pure 
(PPh3)2NiN(SiMe3)2 (0.751 g, 1.01 mmol, 42% yield) as an orange/yellow powder. The 
recovered filtrate could be recrystallized again at -35 °C to increase yield. Anal. Calcd. for 
(C42H48NP2Si2Ni): C, 67.83; H, 6.51; N, 1.88. Found C, 67.55; H, 6.23; N, 2.11. 
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Figure 5.1 1H NMR spectrum  (C6D6, 500 MHz) of (PPh3)2NiN(SiMe3)2 
 
Fate of the Catalyst (PPh3)2NiCl2. To a tared 20 mL vial in the glovebox was added 
(PPh3)2NiCl2 (7.0 mg, 0.0107 mmol, 0.01 equiv), LiN(SiMe3)2 (197.6 mg, 1.18 mmol, 1.1 equiv), 
bromobenzene (168.0 mg,1.07 mmol, 1.0 equiv), a magnetic stir bar and ca. 6 mL of toluene. 
The vial was capped and then placed in an aluminum heating block and heated in the glove box 
at 100˚C for 2 hours. The vial was allowed to cool to room temperature and the solution was 
filtered through Celite and concentrated in vacuo. The 1H NMR of the residue was taken in C6D6. 




Figure 5.2 1H NMR (C6D6, 500 MHz) spectrum of the reaction residual with (PPh3)2NiCl2 as the 
starting catalyst (blue trace) overlaid with the 1H NMR spectrum of (PPh3)2NiN(SiMe3)2 (orange 
trace) 
 
Fate of the Catalyst (PPh3)2NiN(SiMe3)2. To a tared 20 mL vial in the glovebox was added 
(PPh3)2NiN(SiMe3)2 (7.0 mg, 0.0107 mmol, 0.01 equiv), LiN(SiMe3)2 (197.6 mg, 1.18 mmol, 1.1 
equiv), bromobenzene (168.0 mg,1.07 mmol, 1.0 equiv), a magnetic stir bar and ca. 6 mL of 
toluene. The vial was capped and then placed in an aluminum heating block and heated in the 
glove box at 100˚C for 2 hours. The vial was allowed to cool to room temperature and the 
solution was filtered through Celite and concentrated in vacuo. The 1H NMR of the residue was 
taken in C6D6. The resulting NMR spectrum can be seen below in Figure 5.1. 
 129 
 
Figure 5.3 1H NMR (C6D6, 500 MHz) spectrum of the reaction residual with 
(PPh3)2NiN(SiMe3)2 as the starting catalyst (blue trace) overlaid with the 1H NMR spectrum of 
(PPh3)2NiN(SiMe3)2 (orange trace) 
 
Initial Rate Studies Kinetics Protocol. To a tared 20 mL vial in the glovebox was added 
(PPh3)2NiCl2 (7.0 mg, 0.0107 mmol, 0.01 equiv), LiN(SiMe3)2 (197.6 mg, 1.18 mmol, 1.1 
equiv), aryl bromide (1.07 mmol, 1.0 equiv), internal standard mesitylene (129.1 mg, 1.07 mmol, 
1.0 equiv), a magnetic stir bar, and toluene to a 10 mL total volume. An aliquot was taken and 
labeled t = 0 min. The vial was capped and then placed in an aluminum heating block and heated 
in the glove box at 100˚C. Aliquots were taken every minute over a period of 8 min and analyzed 
by GC. The results were compared against calibration curves to determine the mmol of starting 
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material present in the reaction mixture at a given time. The initial rate was obtained from the 
slope of the “mmol aryl bromide versus time” plot, in the linear region of the plot after a short 
induction time. The results are summarized in Table 5.3. For the Hammett plots, the logarithm of 
the initial rates relative to bromobenzene (Table 5.3) was plot versus various sigma constants 
(Table 5.4). The results are shown in Figures 5.13-5.17.  
Kinetics Protocol was also used to determine the order of the (PPh3)2NiCl2, LiN(SiMe3)2, 
and Aryl bromide by varying the amounts of the reagents as shown in Table 5.5 and Table 5.6 
(keeping equimolar amounts of mesitylene to aryl bromide). The plots can be seen in Figures 
5.18-5.26. The effects of adding triphenylphosphine to the reaction mixture was also determined 
using the same protocol and is reported in Figures 5.27 and 5.28. 
 Kinetics Protocol using (PPh3)2NiN(SiMe3)2 (8.0 mg, 1.07 mmol, 0.01 equiv) instead of 
(PPh3)2NiCl2 was used to determine the differences in induction periods between the two 
catalysts (Figure 5.29). 
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Figure 5.4 Duplicate runs of initial rate studies of bromobenzene (1.07 mmol ArBr, 1.18 mmol 
LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.5 Duplicate runs of initial rate studies of 4-bromo-N,N-dimethylaniline (1.07 mmol 
ArBr, 1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.6 Duplicate runs of initial rate studies of 4-bromoanisole (1.07 mmol ArBr, 1.18 mmol 
LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.7 Duplicate runs of initial rate studies of 4-bromotoluene (1.07 mmol ArBr, 1.18 mmol 
LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.8 Duplicate runs of initial rate studies of 4-bromothioanisole (1.07 mmol ArBr, 1.18 
mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.9 Duplicate runs of initial rate studies of 4-bromodiphenyl ether (1.07 mmol ArBr, 1.18 
mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.10 Duplicate runs of initial rate studies of 1-bromo-4-chlorobenzene (1.07 mmol ArBr, 
1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.11 Duplicate runs of initial rate studies of 1-bromo-4-fluorobenzene (1.07 mmol ArBr, 
1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.12 Duplicate runs of initial rate studies of 4-bromobenzotrifluoride (1.07 mmol ArBr, 
1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Table 5.3 Initial rates of para-substituted bromobenzenes 
 




Figure 5.13 log(RateX/RateH) plotted against σ parameters 
 
 
Figure 5.14 log(RateX/RateH) plotted against σ+ parameters 
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Figure 5.15 log(RateX/RateH) plotted against σ- parameters 
 
 
Figure 5.16 log(RateX/RateH) plotted against σI parameters 
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Figure 5.18 Duplicate runs of initial rate studies of 4-bromo-N,N-dimethylaniline (1.07 mmol 
ArBr, 1.18 mmol LiN(SiMe3)2, 2.0% (PPh3)2NiCl2) 
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Figure 5.19 Duplicate runs of initial rate studies of 4-bromo-N,N-dimethylaniline (1.07 mmol 
ArBr, 1.18 mmol LiN(SiMe3)2, 0.5% (PPh3)2NiCl2) 
 146 
 
Figure 5.20 Duplicate runs of initial rate studies of 4-bromo-N,N-dimethylaniline (1.07 mmol 
ArBr, 2.36 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.21 Duplicate runs of initial rate studies of 4-bromo-N,N-dimethylaniline (2.15 mmol 
ArBr, 1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.22 Duplicate runs of initial rate studies of 1-bromo-4-chlorobenzene (1.07 mmol ArBr, 
1.18 mmol LiN(SiMe3)2, 2.0% (PPh3)2NiCl2) 
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Figure 5.23 Duplicate runs of initial rate studies of 1-bromo-4-chlorobenzene (1.07 mmol ArBr, 
1.18 mmol LiN(SiMe3)2, 0.5% (PPh3)2NiCl2) 
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Figure 5.24 Duplicate runs of initial rate studies of 1-bromo-4-chlorobenzene (1.07 mmol ArBr, 
2.36 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.25 Duplicate runs of initial rate studies of 1-bromo-4-chlorobenzene (2.15 mmol ArBr, 
1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.26 Duplicate runs of initial rate studies of 1-bromo-4-chlorobenzene (0.54 mmol ArBr, 
1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Figure 5.27 Consumption of 4-bromo-N,N-dimethylaniline over time upon addition of PPh3 
(1.07 mmol ArBr, 1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
 
 
Figure 5.28 Consumption of 1-bromo-4-chlorobenzene over time upon addition of PPh3 (1.07 
mmol ArBr, 1.18 mmol LiN(SiMe3)2, 1.0% (PPh3)2NiCl2) 
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Table 5.5 Initial rate experiments to determine reagent orders for 
4-bromo-N,N-dimethylaniline substrate reaction 
 
 
Table 5.6 Initial rate experiments to determine reagent orders for 




Figure 5.29 Comparison of induction period observed for (PPh3)2NiCl2 versus 
(PPh3)2NiN(SiMe3)2. (1.07 mmol ArBr, 1.18 mmol LiN(SiMe3)2, 1.0% Ni catalyst) 
 
Gram-scale reaction. To a tared 15 mL pressure vessel in the glovebox was added a 
(PPh3)2NiCl2 (See details below), LiN(SiMe3)2 (988.2 mg, 5.91 mmol, 1.1 equiv), 2-
bromonaphthalene (1.1117 g, 5.47 mmol, 1.0 equiv), a magnetic stir bar and ca. 5 mL of toluene. 
The vial was capped and then placed in an aluminum heating block and heated in the glove box 
at 100˚C. Aliquots were taken after 6 and 24 hours and were analyzed by GC-MS. 
• 0.50% (PPh3)2NiCl2 (17.6 mg, 0.027 mmol, 0.050 equiv) 
• 0.10% (PPh3)2NiCl2 (3.5 mg, 0.0054 mmol, 0.010 equiv) 
General Workup A. scaled up according to mmol substrate yielded 1k in excellent yield: 761.8 
mg, 5.32 mmol, 99.1% yield for 0.5% loading of (PPh3)2NiCl2 and 757.2 mg, 5.28 mmol, 98.5% 
yield for 0.1% loading of (PPh3)2NiCl2. 
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Reaction Protocol A. Unless otherwise noted, reactions were run on the following scale. To a 
tared 20 mL vial in the glovebox was added (PPh3)2NiCl2 (7.0 mg, 0.0107 mmol, 0.01 equiv), 
LiN(SiMe3)2 (197.6 mg, 1.18 mmol, 1.1 equiv), (hetero)aryl halide (1.07 mmol, 1.0 equiv), a 
magnetic stir bar and ca. 6 mL of toluene. The vial was capped and then placed in an aluminum 
heating block and heated in the glove box at 100˚C for 2 hours or until complete conversion was 
observed by GC-MS. Upon complete conversion of the (hetero)aryl halide the vial was allowed 
to cool to room temperature and was then removed from the glovebox for workup. 
Reaction Protocol B. Unless otherwise noted, reactions were run on the following scale. To a 
tared 20 mL vial in the glovebox was added (PPh3)2NiCl2 (7.0 mg, 0.0107 mmol, 0.01 equiv), 
LiN(SiMe3)2 (197.6 mg, 1.18 mmol, 1.1 equiv), (hetero)aryl halide (1.07 mmol, 1.0 equiv), a 
magnetic stir bar and ca. 6 mL of 1,4-dioxane. The vial was capped and then placed in an 
aluminum heating block and heated in the glove box at 90˚C for 2 hours or until complete 
conversion was observed by GC-MS. Upon complete conversion of the (hetero)aryl halide the 
vial was allowed to cool to room temperature and was then removed from the glovebox for 
workup. 
Reaction Protocol C. Unless otherwise noted, reactions were run on the following scale. To a 
tared 20 mL vial in the glovebox was added (PPh3)2NiCl2 (35.1 mg, 0.054 mmol, 0.05 equiv), 
LiN(SiMe3)2 (197.6 mg, 1.18 mmol, 1.1 equiv), (hetero)aryl halide (1.07 mmol, 1.0 equiv), a 
magnetic stir bar and ca. 6 mL of 1,4-dioxane. The vial was capped and then placed in an 
aluminum heating block and heated in the glove box at 90˚C for 2 hours or until complete 
conversion was observed by GC-MS. Upon complete conversion of the (hetero)aryl halide the 
vial was allowed to cool to room temperature and was then removed from the glovebox for 
workup. 
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Reaction Protocol D. To a tared 20 mL vial in the glovebox was added (PPh3)2NiCl2 (17.6 mg, 
0.027 mmol, 0.05 equiv), 4-iodobiphenyl (150.4 mg, 0.54 mmol, 1.0 equiv), a magnetic stir bar, 
and ca. 3 mL of toluene. In a separate vial, a solution of trimethylsilyl-protected amine (0.67 
mmol, 1.25 eq) in ca. 3 mL toluene (cooled to -35ºC) was charged with n-BuLi (1.6 M in 
hexanes, 0.4 mL, 0.64 mmol, 1.20 eq) and stirred for 15 minutes at room temperature. The 
resulting solution was then added to the 4-iodobiphenyl/(PPh3)2NiCl2 mixture, completing the 
transfer with toluene for a total volume of ca. 10 mL. The vial was capped and then placed in an 
aluminum heating block and heated in the glove box at 100˚C for 1 hours or until complete 
conversion was observed by GC-MS. Upon complete conversion of 4-iodobipheny the vial was 
allowed to cool to room temperature and was then removed from the glovebox for workup. 
Reaction Protocol E. To a tared 20 mL vial in the glovebox was added (PPh3)2NiCl2 (70.2 mg, 
0.108 mmol, 0.20 equiv), 4-iodobiphenyl (150.4 mg, 1.07 mmol, 1.0 equiv), a magnetic stir bar, 
and ca. 3 mL of toluene. In a separate vial, a solution of amine (0.67 mmol, 1.25 eq) in ca. 3 mL 
toluene (cooled to -35ºC) was charged with n-BuLi (1.6 M in hexanes, 0.4 mL, 0.64 mmol, 1.20 
eq) and stirred for 15 minutes at room temperature. TMSCl (82 µL, 70.0 mg, 0.64 mmol, 
1.2equiv) was added and the reaction was stirred for 15 min to form the trimethylsilyl-protected 
amine. Finally, a second portion of n-BuLi (1.6 M in hexanes, 0.4 mL, 0.64 mmol, 1.20 eq) was 
added and the reaction was stirred at room temperature for 15 min. The resulting solution was 
then added to the 4-iodobiphenyl/(PPh3)2NiCl2 mixture, completing the transfer with toluene for 
a total volume of ca. 10 mL. The vial was capped and then placed in an aluminum heating block 
and heated in the glove box at 100˚C for 1 hours or until complete conversion was observed by 
GC-MS. Upon complete conversion of 4-iodobipheny the vial was allowed to cool to room 
temperature and was then removed from the glovebox for workup. 
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General Workup A. The reaction mixture was diluted with methanol (10 mL) and then aqueous 
1 M HCl (3 mL) was added. The mixture was stirred at room temperature for up to 1 hour 
(completion monitored by TLC). The solution was then neutralized by the addition of aqueous 1 
M KOH. The aqueous phase was extracted with dichloromethane three times. Concentration of 
methanol prior to extraction helped avoid emulsions during extractions. The organic layers were 
combined, dried over Na2SO4 and concentrated in vacuo. The residue was purified by flash 
chromatography. 
General Workup B. Reactions run in toluene were concentrated in vacuo first, then 3 mL THF 
was added. Dioxane reactions were not concentrated prior to TBAF addition. TBAF in THF (3 
mL, 1 M, 3 mmol) was added and the reaction mixture was stirred at room temperature for 20 
min. Water (15 mL) was added and then was extracted with dichloromethane three times. The 
organic layer was dried over Na2SO4 and concentrated in vacuo. The residue was purified by 
flash chromatography. 
5.5 Substrate Characterization 
4-fluoroaniline (1a). Prepared following Protocol A with (PPh3)2NiCl2 (14.0 mg, 0.0215 mmol, 
0.02 equiv), and 1-bromo-4-fluorobenzene (187.9 mg, 1.07 mmol, 1.0 equiv). General Workup A 
yielded the pure product as a yellow oil (103.8 mg, 0.93 mmol, 87% yield). 1H NMR (500 MHz, 
CDCl3) δ 6.88-6.83 (m, 2H), 6.64-6.59 (m, 2H), 3.53 (br s, 2H). 13C NMR (126 MHz, CDCl3) δ 
156.55 (d, J = 235.6 Hz), 142.51 (d, J = 2.2 Hz), 116.17 (d, J = 7.6 Hz), 115.79 (d, J = 22.3 Hz). 
HRMS (ESI) m/z calcd for C6H7FN [M + H]+: 112.0563; found 112.0559. 
4-chloroaniline (1b). Prepared following Protocol A with 1-bromo-4-chlorobenzene (205.6 mg, 
1.07 mmol, 1.0 equiv). General Workup A yielded the pure product as a white solid (118.3 mg, 
0.93 mmol, 86% yield).1H NMR (500 MHz, CDCl3) δ 7.10 (d, J = 8.7 Hz, 2H), 6.60 (d, J = 8.7 
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Hz, 2H), 3.65 (br s, 2H). 13C NMR (126 MHz, CDCl3) δ 145.07, 129.23, 123.26, 116.34. HRMS 
(ESI) m/z calcd for C6H7ClN [M + H]+: 128.0267; found 128.0267. 
4-bromoaniline (1c). Prepared following Protocol A with 1-bromo-4-iodobenzene (303.8 mg, 
1.07 mmol, 1.0 equiv). General Workup A yielded the pure product as an off-white solid (175.5 
mg, 1.02 mmol, 95% yield). 1H NMR (500 MHz, CDCl3) δ 7.23 (d, J = 8.8 Hz, 2H), 6.56 (d, J = 
8.8 Hz, 2H), 3.66 (br s, 2H). 13C NMR (126 MHz, CDCl3) δ 145.54, 132.13, 116.82, 110.31. 
HRMS (ESI) m/z calcd for C6H7BrN [M + H]+: 171.9762; found 171.9757.  
3,5-dibromoaniline (1d). Prepared following Protocol A reacting for 2 hours with (PPh3)2NiCl2 
(21.1 mg, 0.032 mmol, 0.03 equiv), 1,3,5-tribromobenzene (338.1 mg, 1.07 mmol, 1.0 equiv). 
General Workup A yielded the pure product as an off-white solid (217.7 mg, 0.87 mmol, 81% 
yield). 1H NMR (500 MHz, CDCl3) δ 7.02 (t, J = 1.7 Hz, 1H), 6.74 (d, J = 1.6 Hz, 2H), 3.76 (br 
s, 2H). 13C NMR (126 MHz, CDCl3) δ 148.74, 123.84, 123.48, 116.63. HRMS (ESI) m/z calcd 
for C6H6Br2N [M + H]+: 249.8867; found 249.8859. 
5-(tert-butyl)benzene-1,3-diamine (1e). Prepared following Protocol A reacting for 18 hours 
with (PPh3)2NiCl2 (17.6 mg, 0.027 mmol, 0.05 equiv), LiN(SiMe3)2 (269.5 mg, 1.61 mmol, 3.0 
equiv), 1,3-dibromo-5-tert-butylbenzene (156.8 mg, 0.54 mmol, 1.0 equiv). General Workup A 
yielded the pure product as a tan solid (74.1 mg, 0.45 mmol, 84% yield). 1H NMR (500 MHz, 
CDCl3) δ 6.17 (d, J = 2.0 Hz, 2H), 5.90 (t, J = 2.0 Hz, 1H), 3.53 (br s, 4H), 1.25 (s, 9H). 13C 
NMR (126 MHz, CDCl3) δ 153.92, 147.22, 103.75, 99.73, 34.62, 31.37. HRMS (ESI) m/z calcd 
for C10H17N2 [M + H]+: 165.1392; found 165.1394. 
4-(trifluoromethyl)aniline (1f). Prepared following Protocol A with 4-bromobenzotrifluoride 
(241.6 mg, 1.07 mmol, 1.0 equiv). General Workup A yielded the pure product as a yellow oil 
(156.0 mg, 0.97 mmol, 90% yield). 1H NMR (500 MHz, CDCl3) δ 7.39 (d, J = 8.3 Hz, 2H), 6.69 
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(d, J = 8.3 Hz, 2H), 3.94 (br s, 2H). 13C NMR (126 MHz, CDCl3) δ 149.5, 126.8 (q, J = 3.8 Hz), 
124.9 (q, J = 270.4 Hz), 120.3 (q, J = 32.6 Hz), 114.1. HRMS (ESI) m/z calcd for C7H7F3N [M + 
H]+: 162.0531; found 162.0527. 
N1,N1-dimethylbenzene-1,4-diamine (1g). Prepared following Protocol A with 4-bromo-N,N-
dimethylaniline (214.8 mg, 1.07 mmol, 1.0 equiv). General Workup A yielded the pure product 
as a pink solid (132.3 mg, 0.97 mmol, 90% yield). 1H NMR (500 MHz, CDCl3) δ 6.68 (d, J = 8.3 
Hz, 4H), 3.35 (br s, 2H), 2.83 (s, 6H). 13C NMR (126 MHz, CDCl3) δ 145.01, 138.03, 116.72, 
115.71, 42.26. HRMS (ESI) m/z calcd for C8H13N2 [M + H]+: 137.1078; found 137.1068. 
4-methoxyaniline (1h). Prepared following Protocol A with 4-bromoanisole (200.8 mg, 1.07 
mmol, 1.0 equiv). General Workup A yielded the pure product as a brown solid (119.6 mg, 0.97 
mmol, 90% yield). 1H NMR (500 MHz, CDCl3) δ 6.75 (d, J = 8.9 Hz, 2H), 6.65 (d, J = 8.9 Hz, 
2H), 3.75 (s, 3H), 3.42 (br s, 2H). 13C NMR (126 MHz, CDCl3) δ 152.92, 140.06, 116.52, 
114.93, 55.86. HRMS (ESI) m/z calcd for C7H10NO [M + H]+: 124.0762; found 124.0764. 
4-(methylthio)aniline (1h). Prepared following Protocol A with 4-bromothioanisole (218.1 mg, 
1.07 mmol, 1.0 equiv). General Workup A yielded the pure product as a yellow/orange oil (143.5 
mg, 1.03 mmol, 96% yield). 1H NMR (500 MHz, CDCl3) δ 7.18 (d, J = 8.6 Hz, 2H), 6.63 (d, J = 
8.6 Hz, 2H), 3.65 (br s, 2H), 2.41 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 145.2, 131.2, 125.9, 
115.8, 18.9. HRMS (ESI) m/z calcd for C7H10NS [M + H]+: 140.0534; found 140.0533. 
4-aminobiphenyl (1i) Prepared following Protocol A with 4-bromobiphenyl (250.3 mg, 1.07 
mmol, 1.0 equiv). General Workup A yielded the pure product as an off-white solid (175.1 mg, 
1.03 mmol, 96% yield). 1H NMR (500 MHz, CDCl3) δ 7.53 (d, J = 7.52 Hz, 2H), 7.41 (m, 4H), 
7.27 (t, J = 7.56 Hz, 1H), 6.76 (d, J = 8.18 Hz, 2H), 3.72 (br s, 2H). 13C NMR (126 MHz, 
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CDCl3) δ 146.0, 141.3, 131.7, 128.8, 128.1, 126.5, 126.4, 115.5. HRMS (ESI) m/z calcd for 
C12H11N [M + H]+: 170.0970; found 170.0974. 
2-Naphthylamine (1j). Prepared following Protocol A with 2-bromonaphthalene (222.3 mg, 
1.07 mmol, 1.0 equiv). General Workup A yielded the pure product as an off-white solid (146.4 
mg, 1.02 mmol, 95% yield). 1H NMR (500 MHz, CDCl3) δ 7.74-7.65 (m, 2H), 7.64-7.59 (m, 
1H), 7.42 – 7.34 (m, 1H), 7.28-7.22 (m, 1H), 7.02-6.99 (m, 1H), 6.98-6.94 (m, 1H), 3.84 (br s, 
2H). 13C NMR (126 MHz, CDCl3) δ 144.22, 135.04, 129.33, 128.09, 127.84, 126.46, 125.92, 
122.59, 118.35, 108.70. HRMS (ESI) m/z calcd for C10H9N [M + H]+: 144.0813; found 
144.0812. 
4-aminoacetanilide (1k). Prepared following Protocol B with (PPh3)2NiCl2 (35.1 mg, 0.054 
mmol, 0.05 equiv), LiN(SiMe3)2 (449.2 mg, 2.68 mmol, 2.5 equiv), and 4-bromoacetanilide 
(229.9 mg, 1.07 mmol, 1.0 equiv). Due to limited solubility, General Workup A was followed by 
recrystallization out of ethyl acetate/hexanes to yield the pure product as a tan powder (147.4 
mg, 0.98 mmol, 91% yield). 1H NMR (500 MHz, DMSO-d6) δ 9.48 (s, 1H), 7.18 (d, J = 8.7 Hz, 
2H), 6.47 (d, J = 8.7 Hz, 2H), 4.80 (br s, 2H), 1.94 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 
167.17, 144.56, 128.59, 120.81, 113.77, 23.68. HRMS (ESI) m/z calcd for C8H11N2O [M + H]+: 
151.0871; found 151.0871. 
Methyl 4-aminobenzoate (1l). Prepared following Protocol B with methyl 4-iodobenzoate 
(281.4 mg, 1.07 mmol, 1.0 equiv). General Workup A yielded the pure product as a tan powder 
(76.8 mg, 0.51 mmol, 47% yield). 1H NMR (500 MHz, CDCl3) δ 7.85 (d, J = 8.7 Hz, 2H), 6.64 
(d, J = 8.7 Hz, 2H), 4.05 (br s, 2H), 3.85 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 167.27, 150.91, 
131.74, 119.92, 113.94, 51.75. HRMS (ESI) m/z calcd for C8H10NO2 [M + H]+: 152.0712; found 
152.0709. 
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4-ethenyl-N,N-bis(trimethylsilyl)aniline (1n). Prepared following Protocol A with 4-
bromostyrene (196.6 mg, 1.07 mmol, 1.0 equiv). The reaction mixture was purified by column 
chromatography without prior workup to isolate the TMS-protected product as a yellow oil 
(146.4 mg, 1.02 mmol, 95% yield). 1H NMR (500 MHz, CDCl3) δ 7.26 (d, J = 8.2 Hz, 2H), 6.83 
(d, J = 8.3 Hz, 2H), 6.67 (dd, J = 17.6, 10.9 Hz, 1H), 5.66 (dd, J = 17.6, 1.0 Hz, 1H), 5.15 (dd, J 
= 10.9, 1.0 Hz, 1H), 0.06 (s, 18H). 13C NMR (126 MHz, CDCl3) δ 148.06, 136.74, 133.03, 
130.27, 126.48, 112.29, 2.23. HRMS (EI+) m/z calcd for C14H25NSi2 [M]+: 263.1525, found 
263.1532. 
4-aminophenylboronic acid pinacol ester (1o). Prepared following Protocol A at half scale 
with 4-iodophenylboronic acid pinacol ester (177.2 mg, 0.54 mmol, 1.0 equiv). General Workup 
B yielded the pure product as a white solid (93.8 mg, 0.43 mmol, 80% yield). 1H NMR (500 
MHz, CDCl3) δ 7.62 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 8.4 Hz, 2H), 3.83 (br s, 2H), 1.32 (s, 12H). 
13C NMR (126 MHz, CDCl3) δ 149.41, 136.55, 114.21, 83.43, 25.00 (the signal for the carbon 
attached to boron was not observed). HRMS (ESI) m/z calcd for C12H19NBO2 [M + H]+: 
220.1509; found 220.1514. 
Pyridin-2-amine (2a). Prepared following Protocol C with 2-bromopyridine (169.7 mg, 1.07 
mmol, 1.0 equiv). General Workup A and General Workup B resulted in similar yields. The pure 
product was isolated as a tan powder (71.7 mg, 0.76 mmol, 71% yield). 1H NMR (500 MHz, 
CDCl3) δ 8.06 (dd, J = 5.0, 1.0 Hz, 1H), 7.41 (ddd, J = 8.3, 7.2, 1.9 Hz, 1H), 6.63 (ddd, J = 7.2, 
5.1, 1.0 Hz, 1H), 6.48 (d, J = 8.3 Hz, 1H), 4.44 (br s, 2H). 13C NMR (126 MHz, CDCl3) δ 
158.52, 148.25, 137.83, 114.12, 108.69. HRMS-ESI (m/z) [M + H]+ calcd for C5H7N2+, 95.0609; 
found 95.0611. 
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Pyridin-3-amine. Prepared following Protocol A reacting for 4 hours with (PPh3)2NiCl2 (35.1 
mg, 0.054 mmol, 0.05 equiv), LiN(SiMe3)2 (449.2 mg, 2.68 mmol, 2.2 equiv), and 3-
bromopyridine (169.7 mg, 1.07 mmol, 1.0 equiv). General Workup A and General Workup B 
resulted in similarly low yields. The pure product was isolated as a tan powder (33.2 mg, 0.35 
mmol, 33% yield). 1H NMR (500 MHz, CDCl3) δ 8.10 (s, 1H), 8.02 (d, J = 4.7 Hz, 1H), 7.06 
(dd, J = 8.1, 4.6 Hz, 1H), 6.96 (ddd, J = 8.1, 2.9, 1.4 Hz, 1H), 3.68 (br s, 2H). 13C NMR (126 
MHz, CDCl3) δ 142.55, 140.25, 137.69, 123.82, 121.53. HRMS (EI+) m/z calcd for C5H6N2 
[M]+: 94.0531; found 94.0532. 
N,N-bis(trimethylsilyl)pyridin-3-amine (2b). Prepared following Protocol A reacting for 4 
hours with (PPh3)2NiCl2 (35.1 mg, 0.054 mmol, 0.05 equiv), LiN(SiMe3)2 (449.2 mg, 2.68 mmol, 
2.2 equiv), and 3-bromopyridine (169.7 mg, 1.07 mmol, 1.0 equiv). The reaction mixture was 
purified by column chromatography without prior workup to isolate the TMS-protected product 
as a yellow oil (169.1 mg, 0.71 mmol, 66% yield). 1H NMR (500 MHz, CDCl3) δ 8.30 (d, J = 4.5 
Hz, 1H), 8.20 (d, J = 2.1 Hz, 1H), 7.20 (m, 1H), 7.14 (m, 1H), 0.07 (s, 18H). 13C NMR (126 
MHz, CDCl3) δ 151.48, 144.90, 144.69, 137.03, 123.26, 2.17. HRMS (EI+) m/z calcd for 
C11H22N2Si2 [M]+: 238.1322; found 238.1314. 
Pyridin-4-amine (2c). Prepared following Protocol A reacting for 4 hours with (PPh3)2NiCl2 
(35.1 mg, 0.054 mmol, 0.05 equiv), LiN(SiMe3)2 (592.9 mg, 3.54 mmol, 3.3 equiv), and 4-
bromopyridine hydrochloride (208.8 mg, 1.07 mmol, 1.0 equiv). General Workup A yielded the 
pure product as an off-white solid (78.9 mg, 0.84 mmol, 78% yield). 1H NMR (500 MHz, 
CDCl3) δ 8.20 (d, J = 5.1 Hz, 2H), 6.50 (d, J = 5.9 Hz, 2H), 4.20 (br s, 2H). 13C NMR (126 MHz, 
CDCl3) δ 152.78, 150.41, 109.74. HRMS-ESI (m/z) [M + H]+ calcd for C5H7N2+, 95.0609; found 
95.0606. 
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5-methoxypyridin-2-amine (2d). Prepared following Protocol C with 2-bromo-5-
methoxypyridine (201.9 mg, 1.07 mmol, 1.0 equiv). General Workup B yielded the pure product 
as a brown oil (92.6 mg, 0.75 mmol, 69% yield). 1H NMR (500 MHz, CDCl3) δ 7.74 (d, J = 2.9 
Hz, 1H), 7.05 (dd, J = 8.8, 3.0 Hz, 1H), 6.44 (d, J = 8.8 Hz, 1H), 4.27 (br s, 2H), 3.74 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 153.07, 149.64, 133.44, 125.74, 109.46, 56.44. HRMS-ESI (m/z) 
[M + H]+ calcd for C6H9N2O+,125.0715; found 125.0717. 
quinolin-3-amine (2e). Prepared following Protocol C heating for 2 hours with 3-
bromoquinoline (223.4 mg, 0.054 mmol, 1.0 equiv). General Workup A and General Workup B 
both resulted in the formation of significant 3,3’-biquinoline, therefore yield of the TMS-
protected product was determined by GC-MS. Separation of 2e from 3,3’-biquinoline proved 
difficult and the compounds were isolated as a mixture (NMR below). HRMS-ESI (m/z) [M + 
H]+ calcd for C9H9N2+, 145.0766; found 145.0769. 
quinolin-8-amine (2f). Prepared following Protocol C heating for 3 hours with 8-
bromoquinoline (223.4 mg, 0.054 mmol, 1.0 equiv). General Workup A yielded the pure product 
as a tan powder (132.9 mg, 0.92 mmol, 86% yield). 1H NMR (500 MHz, CDCl3) δ 8.77 (dd, J = 
4.2, 1.7 Hz, 1H), 8.06 (dd, J = 8.3, 1.7 Hz, 1H), 7.38 – 7.31 (m, 2H), 7.15 (dd, J = 8.1, 1.1 Hz, 
1H), 6.95 – 6.91 (m, 1H), 4.99 (br s, 2H). 13C NMR (126 MHz, CDCl3) δ 147.55, 144.08, 
138.56, 136.09, 128.97, 127.49, 121.46, 116.15, 110.13. HRMS-ESI (m/z) [M + H]+ calcd for 
C9H9N2+, 145.0766; found 145.0765. 
benzo[b]thiophen-5-amine (2g). Prepared following Protocol A with (PPh3)2NiCl2 (35.1 mg, 
0.054 mmol, 0.05 equiv) and 5-bromobenzo[b]thiophene (228.8 mg, 1.07 mmol, 1.0 equiv). 
General Workup A yielded the pure product as a tan powder (119.1 mg, 0.80 mmol, 74% yield). 
1H NMR (500 MHz, CDCl3) δ 7.64 (d, J = 8.5 Hz, 1H), 7.38 (d, J = 5.4 Hz, 1H), 7.15 (d, J = 5.4 
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Hz, 1H), 7.10 (d, J = 2.2 Hz, 1H), 6.79 (dd, J = 8.5, 2.3 Hz, 1H), 3.70 (br s, 2H). 13C NMR (126 
MHz, CDCl3) δ 143.68, 141.00, 130.55, 127.21, 123.17, 123.08, 114.98, 108.40. 
HRMS-ESI (m/z) [M + H]+ calcd for C8H8NS+, 150.0377; found 150.0372. 
N,N-bis(trimethylsilyl)thiophen-2-amine (2h). Prepared following Protocol A with 
(PPh3)2NiCl2 (35.1 mg, 0.054 mmol, 0.05 equiv) and 2-bromothiophene (175.1 mg, 1.07 mmol, 
1.0 equiv). Because of the volatility of 2-aminothiophene, the reaction mixture was subjected 
directly to column chromatography yielding the TMS-protected product as a yellow oil (186.2 
mg, 0.76 mmol, 71% yield). 1H NMR (500 MHz, CDCl3) δ 6.78 (dd, J = 5.8, 1.4 Hz, 1H), 6.74 
(dd, J = 5.8, 3.5 Hz, 1H), 6.29 (dd, J = 3.5, 1.4 Hz, 1H), 0.11 (s, 18H). 13C NMR (126 MHz, 
CDCl3) δ 125.16, 121.95, 119.41, 1.61. HRMS (EI+) m/z calcd for C10H21NSSi2 [M]+: 243.0933; 
found 243.0931. 
Benzofuran-5-amine (2i). Prepared following Protocol A with (PPh3)2NiCl2 (35.1 mg, 0.054 
mmol, 0.05 equiv) and 5-bromobenzofuran (211.6 mg, 1.07 mmol, 1.0 equiv). General Workup 
A yielded the pure product as a yellow oil (119.1 mg, 0.80 mmol, 74% yield). 1H NMR (500 
MHz, CDCl3) δ 7.54 (d, J = 2.2 Hz, 1H), 7.29 (dt, J = 8.7, 0.7 Hz, 1H), 6.87 (d, J = 2.4 Hz, 1H), 
6.68 (dd, J = 8.7, 2.4 Hz, 1H), 6.61 (dd, J = 2.2, 1.0 Hz, 1H), 3.59 (br s, 2H). 13C NMR (126 
MHz, CDCl3) δ 149.66, 145.54, 142.12, 128.37, 113.70, 111.72, 106.23, 106.10. HRMS-ESI 
(m/z) [M + H]+ calcd for C8H8N2+, 134.0606; found 134.0600. 
N-phenyl-[1,1'-biphenyl]-4-amine (3a). Prepared following Protocol D with and 
(Me3Si)(Ph)NH (110.9 mg, 0.65 mmol, 1.2 eq). General Workup A yielded the pure product as a 
white solid (119.1 mg, 0.49 mmol, 90% yield). 3a can also be prepared using 1.2 equiv of 
LiN(SiMe3)2 in place of nBuLi. General Workup A yielded the pure product as a white solid 
(115.3 mg, 0.47 mmol, 88% yield). 1H NMR (500 MHz, CDCl3) δ 7.59 – 7.56 (m, 2H), 7.54 – 
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7.50 (m, 2H), 7.42 (m, 2H), 7.33 – 7.27 (m, 3H), 7.13 (m, 4H), 6.96 (t, J = 7.3 Hz, 1H), 5.78 (br 
s, 1H). 13C NMR (126 MHz, CDCl3) δ 142.99, 142.70, 140.99, 133.90, 129.54, 128.87, 128.13, 
126.73, 126.68, 121.39, 118.24, 117.92. HRMS (ESI) m/z calcd for C18H16N [M + H]+: 
246.1283, found 246.1284. 
N-(tert-butyl)-[1,1'-biphenyl]-4-amine (3b). Prepared following Protocol D with (PPh3)2NiCl2 
(52.7 mg, 0.081 mmol, 0.15 equiv) and (Me3Si)(tBu)NH (97.5 mg, 0.67 mmol, 1.25 eq). General 
Workup A yielded the pure product as a light yellow solid (78.9 mg, 0.35 mmol, 65% yield). 1H 
NMR (500 MHz, CDCl3) δ 7.54 (d, J = 7.9 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 7.39 (t, J = 7.7 Hz, 
2H), 7.27 (t, J = 7.7 Hz, 1H), 6.81 (d, J = 8.5 Hz, 2H), 3.61 (br s, 1H), 1.39 (s, 9H). 13C NMR 
(126 MHz, CDCl3) δ 146.48, 141.32, 130.89, 128.76, 127.72, 126.45, 126.23, 117.21, 51.60, 
30.22. HRMS (ESI) m/z calcd for C16H20N [M + H]+: 226.1596, found 226.1595. 
N-(sec-butyl)-[1,1'-biphenyl]-4-amine (3c). Prepared following Protocol D with (Me3Si)(sec-
Bu)NH (97.5 mg, 0.67 mmol, 1.25 eq). General Workup A yielded the pure product as a 
colorless oil (33.5 mg, 0.15 mmol, 28% yield). 1H NMR (500 MHz, CDCl3) δ 7.55 (dd, J = 8.3, 
1.2 Hz, 2H), 7.45 – 7.37 (m, 4H), 7.25 (t, J = 7.4 Hz, 1H), 6.66 (d, J = 8.7 Hz, 2H), 3.55 (br s, 
1H), 3.46 (h, J = 6.3 Hz, 1H), 1.69 – 1.46 (m, 2H), 1.21 (d, J = 6.3 Hz, 3H), 0.99 (t, J = 7.5 Hz, 
3H). 13C NMR (126 MHz, CDCl3) δ 147.30, 141.48, 129.78, 128.74, 128.10, 126.36, 126.05, 
113.39, 50.00, 29.85, 20.46, 10.55. HRMS (ESI) m/z calcd for C16H20N [M + H]+: 226.1596, 
found 226.1595. 
 (R)-N-(1-phenylethyl)-[1,1'-biphenyl]-4-amine (3d). Prepared following Protocol E with (R)-
1-phenylethan-1-amine (81.2 mg, 0.67 mmol, 1.25 eq). General Workup A yielded the pure 
product as a white solid (59.5 mg, 0.22 mmol, 41% yield). 1H NMR (500 MHz, CDCl3) δ 7.50 
(dd, J = 8.3, 1.3 Hz, 2H), 7.44 – 7.40 (m, 2H), 7.41 – 7.30 (m, 6H), 7.29 – 7.22 (m, 2H), 6.60 (d, 
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J = 8.6 Hz, 2H), 4.55 (q, J = 6.7 Hz, 1H), 4.14 (br s, 1H), 1.56 (d, J = 6.7 Hz, 3H).13C NMR (126 
MHz, CDCl3) δ 146.83, 145.23, 141.37, 128.89, 128.83, 128.72, 127.94, 127.09, 126.38, 126.12, 
125.98, 113.66, 53.66, 25.18. HRMS (EI+) m/z calcd for C20H19N [M]+: 238.1322; found 
238.1314.  
 
Figure 5.30 Chromatogram of the racemic product 3d 
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